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ABSTRACT 


A general and efficient procedure for the prepa- 
ration of 2'-deoxynucleosides has been developed. 
SeleCuive pretection of the 3'= andes. = hydroxyvletuncetiions 
of the ribonucleosides was achieved through preparation 
Of so yo -0=(1 1,3, 3-tetraisopropyldisilox-i,3-d1y1.)— 
nucleoside derivatives. The 2'-hydroxyl group of the 
blocked nucleoside was functionalized nde mildly 
basic conditions using phenyl chlorothionocarbonate and 
4-N,N-dimethylaminopyridine in acetonitrile. Treatment 
of the 2'-phenylthionocarbonate derivative obtained 
with tri-n-butylstannane in the presence of a free 
radical initiator at 80°C gave the 2'-deoxynucleoside 
derivative in excellent yield. Deprotection was 
STnecreqeUnde rene utra my COnd TtTOnS suSiMGn te tr d— Moule le 
ammonium fluoride to give tne 2'-deoxynucleoside. 

High yields of 2'-deoxyadenosine, 2'-deoxyguanosine, 2'- 
deoxyuridine, 2'-deoxytubercidin and 2'-deoxytoyocamycin 
were realized using this reaction sequence. Application 
of the procedure to other secondary hydroxyl groups 

was equally successful as steroid and carbohydrate 
examples were also deoxygenated in high yield. Acid 
sensitive substrates were amenable to this method of 
deoxygenation as demonstrated by the synthesis of methyl] 
2-deoxy-3,5-di-0-p-toluy]l-8-D-erythro-pentofuranoside 


from methyl 8-D-ribofuranoside. 
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(he similarity sand consistency of the 1 NMR spectra 
Of hese so -0-(151,3,e-tetraisopropyldisilox-1,,3-diy1)— 
nucleosides indicated that a relatively fixed Sugar 
conformation existed in these compounds. A representa- 
tive number of these 3,5 blocked PARE ER ES were 
prepared from B-ribo, a-ribo, B-arabino and a- 
arabinonucleoside substrates. It was found that for 
B-ribonucleoside derivatives, the spin-spin coupling 
Values TOr Hl to H=2- were generally Tess tnan, 1.5 Hz. 
For a-ribo and f8-arabinonucleoside derivatives, spin- 
spin coupling values for H-1' to H-2' were generally 


Greater tian? S.0 Hz. Tne l 


H NMR spectra of the a-arabino- 
nucleoside derivatives unexpectedly revealed a large 

H=|)" to H=-2° coupling value. This was thougnt to arise 
fromea change in the sugar contormetion of these 
derivatives relative to the other examples of the 3',5'- 
0-(1,1,3.3-tetratsopropyldisilox-1,3-diyl)nucleosides 
Studied. “AeSingle enystal X=ray analysis fF 3.5) = 
O-\lless3-tetraisopropyidisilox-1,3-diyl)cytidine was 
determined to verify assumptions made from NMR spectra 


Onmthe- sugar sconformation Of these derivatives. 
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Pe INTRODUCTION 


A. General Introduction and Survey of 2° -Deoxy- 


nucleoside Synthesis. 


The TtTundamental unit of higher organisms, the cell, 
is a complex structure of interconnected elements, each 
Navaing: specif Te functions. The nucleus Ws tne contro! 
center within the cell and contains all genetic informa- 
tion essential for the integrated operation of cellular 
components. elm S71 Fredrich Miescher! isolated a 
material from the nuclei of pus cells which he called 
“nuclein". This material was subsequently referred to as 
Sruicheuemcc 1d. aby. Al emeean and was found to be common 
tomce lls) tron a=mumber of "sources. 

The nucleic acids provide the means for the 
storage and transmission of genetic information utilized 
im the syntnesis of all cellular constituents. these 
macromolecules are comprised of polymeric chains of 
nucleotides linked by phosphodiester bonds. The nucleo- 
tide unit 1S “composed of a purinesor pyrimidine base, 

a furanose Sugar moiety and a phosphoric acid residue. 
Levene and Jacobs° introduced the term nucleoside to 
describe the carbohydrate derivatives of purines and 
pyrimidines isolated from the alkaline hydrolysis of 
yeast ribonucleic acids. This term has been expanded 


to include all, of athe compounds Of synthetic or natura! 
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B-D-RIBOFURANOSYL 


O NH, 
HN N N= 
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HeNee: Naas OG ON 
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R R 
2a 3 R=H 
Z R=R' 8 R=R' 
ll R= R” We R = R” 
O 
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O° <N 
| 
R 
5 R=H 
9 R=R' 


2‘-DEOXY-8-D-RIBOFURANOSYL 


(Ze = DEO =: -DeERvainRG= 
PENTOFURANOSYL) 


origin which contain a heterocyclic base attached to 

thes Calepesit10nwotwa sugar. 
imerevdarestwoetypes*ofenucleic acids. the con- 

SEITUCKtSHOnawiich ditfer primarily inethne carbohydrate 

residues In ribenucleéic»acid (RNA) the sugar moiety 7s 

D-ribose and in deoxyribonucleic acids (DNA) the sugar 

is @-deoxy=D=ribose (c=deoxy-D-erytnro=pentose)” Levene 


and co-workers ?2?° 


were responsible for the character- 
ization of the sugar residues of RNA and DNA through 
Lieirmexhaustivesstudies Trom’ 1909 =to= 1933. 

Five heterocyclic bases are ubiquitous to the 
nucleic acids and were first identified by Kossél and 
co-workers? througneactd hydrolysis OFenuclei co acids. 
The purines adenine (1) and guanine (2) and the pyrimi- 
dine cytosine (3) are common to both DNA and RNA. 
Uracil (5) is found only in RNA, while its 5-methyl 
derivative thymine (4) is the complementary pyrimidine 
contained in DNA. The corresponding nucleosides in RNA 
are adenosine (6), guanosine (7), cytidine (8) and 
uridine (9) and in DNA are 2'-deoxyadenosine (10), 2'- 


deoxyguanosine (11), 2'-deoxycytidine (12) and 


thymidine (13). 

jhe DNAwpresenteine the nucleus of -alloeukaryotic 
cells contains the information necessary for the 
btosymtnesis andumetabolism orathe cella through) tne 


Speciticordering of the nucleic acid units in these 
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macromolecules a unique code is established. This code 
is transcribed to smaller mRNA molecules which act as 
templates in code translation for subsequent protein 
(enzyme) synthesis. Chemical inhibition of the bio- 
Synthesis of nucleic acids iS one major basis of chemo- 
tnerapy. bacterial cellso and tumor cells divideumuch 
more frequently than the cells of the host organism and 
thus are expected to be affected more severely by an 
antimetabolite. Routes which are both general and ef- 
ficient for the synthesis: of ribonucleoside and 2°-— 
deoxynucleoside antimetabolites are of considerable 
importance in this area. 

The position of the sugar-base attachment in nucleo- 
Sides onptained scrom nucleic acids was first established 


sels Ie 


by ultraviolet spectral comparisons. Unequivocal 


contormation of the location of thes sugar mesidue iwas 


1] 


presented by Todd and co-workers through the syn- 


thesis of 9-D-mannopyranosyl adenine (15). Oxidation of 


this compound with periodate gave a dialdehyde (14) 


identical to that obtained from adenosine (6). 
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Todd and co-workers /@ 


also confirmed the assignment 
oT the 6 -contigurationsof nucleosides by demonstration of 
the formation of cis-intramolecularly linked 5'-cyclo- 
nucleosides derived from cytidine (8) and adenosine (6). 
Total synthesis of the two major purine ribonucleosides 
was achieved by Todd's group as the final structure 


iS 


proof. The historical development of the identifica- 


tion and characterization of the nucleosides has been 
reviewed extensively. |? !? 
The first synthesis of a nucleoside was reported 

by Fischer and Helrerichs. in 1914 through the coupling 

of the silver salt of theophylline with tetra-O-acetyl- 

Cave iucOpyranos lebron deny sineaglycosy purities derd va- 

LivVesobDtained was later Shown to be /-supsStituced. This 
general coupling procedure was utilized by Todd and 


pomvorere.- 


in 1948 to synthesize adenosine (6) and 
@uanosine (7), ausing eno 0 -tY i 0-acety | —D-mibotuganosy1 
bromide (17) as the sugar element. The silver salt of 
2,8-dichloroadenine (16) was used as the purine component 
since both the matural purine nucleosides coulda be 
made from the 2,8-dichloroadenosine derivative (18) 
obtained. 

Attempts to condense silver salts of oxopyrimidines 
with halo-sugar derivatives as described above did not 
give the expected pyrimidine nucleosides, but rather 
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the 0-glycosylpyrimidines.*| Hilbert and Johnson 
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demonstrated that 2,4-dialkoxypyrimidines could be 
employed as coupling reagents in synthesis of pyrimidine 
NUChEOSHdes emsiiewpedctvonso, stri-O-acety lO imipo- 


furanosyl bromide (17) with 2,4-diethoxypyrimidine (19) 


provided an intermediate (20) from which both uridine 


(9)%? and cytidine are were obtained. 
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Until 1948 the nucleic acids were thought to be 
composed of the four basic nucleoside monomers (6-13) 
only. The discovery of 5-methylcytosine in a sample of 
calf thymus DNA by Hotchkiss- prompted a surge of 
reinvestigation. However, it was the isolation of the 
Hits Cheos Idemdmihib 1 OtiGs, GOndvVcep in | 2le)neehmon 
Cordyceps militarnis by Cunningham et a1.°° i SE ARE te 


initiated the boom of chemical research in the nucleoside 
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area. Cordycepin (3'-deoxyadenosine) (21) is a cyto- 


toxic agent which demonstrates a broad spectrum of 
activity against bacterial strains through the inhibi- 
L1en Otepuriner biosynthesis.” Thesst=triphosphate 


derivative (22) has also been shown to be cytotoxic 


CHroughia the aAnhiba tion of nucleic acid biosynthesis.©° 
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The intense interest generated by the identifica- 
t1onot aunewoclass of antibiotics inspired “esearcners 


to devise efficient syntheses of potential biologically 


active compounds from readily obtainable substrates. 


The employment of chloromercuri derivatives of purines 


(ih 


by Davoll and Lowy in place of the silver salts used 


previ OUuSshy smproved yields of ecoun lang recet 1oOns side 
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nificantly. It was later demonstrated’ that mercuri 


derivatives of pyrimidines were also effective con- 
densing reagents for the preparation of pyrimidine 
nucleosides. This led to the first coupling-based syn- 


thesis of a 2'-deoxynucleoside, thymidine (13), by Shaw 


and Warrener<” in 1958. Baker and co-workers>¢ re- 
ported the first successful synthesis of 2'-deoxyadeno- 
Sine in the following year. The starting material 

used was 1,2-di-0-acety1-5-0-methoxycarbonyl-3-0-(p- 


toluenesulfonyl)-D-xylofuranose (23) which was converted 


to the 1l-halo derivative (24) prior to condensation 
with chloromercuri 6-benzamidopurine to give the blocked 


nucleoside (25). The epoxide (26) was formed upon 


treatment or (25 )ewith sodium methoxide in) methanol - 


Reaction of (26) with sodium ethylmercaptide afforded 


theme -ethya tivo nucleoside (27) «. cireatment of s(27)) 


with thionyl chloride gave the 3'-chloronucleoside (28). 


Exposure of (28) to aqueous base resulted in a mixture 


Of 20-( 30) andes (27 )"ethylthio derivatives Ac 3) — 


episulfonium ion intermediate (29) was proposed to 


explain this migration. Desulfurization of (30) gave 


2°=deoxyadenosine (10) in a overall yield of 0.52 from 
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The general methods of sugar-base coupling utilized 
successfully for the synthesis of ribonucleosides have 
limitations when applied to 2-deoxynucleosides. The 
dv=U=acylecodeoxyribofuranosy | onlorides: are extremely 
labile unless stabilized with appropriate blocking 
groups3! 34 Anomeric mixtures of the 2'-deoxynucleo- 
side are always obtained in the condensation reactions. 
The mixtures of anomers obtained in these couplings can 
be difficult to separate and are much more troublesome 
1f the base component of the nucleoside contains an acidic 


5 ; 
: anion 


function. This precludes the use of the Dekker 
exchange chromatography method. Furthermore, the 
normally unwanted a anomer is frequently an equivalent 
Or predominant product. Numerous reports of base-sugar 
couplings using various procedures for the synthesis 
of the naturally occurring 2'-deoxynucleosides and 
related analogues have appeared in the Viteratures ts” 
The stereoselectivity of coupling reactions is 
dependent on many factors. The method of condensation, 
choice of solvents, temperature and catalysts can all 
affect the ratio of anomers obtained. Through mecha- 
WisSticadanalysisceot areactions iInVOlVingeme tal sal tSor 
purines, Baker?! proposed a trans rule which postulated 
that the "condensation of a heavy metal salt of a purine 


with an acylated glycosyl halide will form a nucleo- 


side with a C-1 to C-2 trans configuration. This 
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behavior had been observed in pyrimidine synthesis as 
mee The experimental facts were rationalized by 


the intervention of an acyloxonium ion (32) formed by 


Parc cibdatton, of ihe <adjacent trams, 2-acyloxy, group. or 
OMe manomen sacl) sof whee glycosyi halide: Attack. of; the 


Me CH OCVvicw Ca pasewct C- lh of. (32)ionves atnes trans. 2- 


nucleoside (34). Presumably the cissanomer (33) can 


react directly by Sy2 displacement to give the same 
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Sugar substrates which have the necessary partici- 
pating group at the C-2 position normally give exclusive 
formation or nigh ratios of the predicted anomer. © Con- 
versely, those substrates which lack this participating 
C-2 group, such as 2-deoxyglycosyl halides, give rise 
to anomeric mixtures upon condensation with a base. 

Bardos and cosvorkers.: reported that the anomeric 
ratio of products obtained from reacting pertrimethy]- 
Silylated thiopyrimidine bases with 2'-deoxyglycosy] 
halides: could De controlled under= certain conant1ons. 

By using the purified a anomer of the sugar component 
and azeotropically removing the trimethylsilyl chloride 
(TMSC1) as it was produced, excellent yields of a pure 
B anomer were realized in this silyl Hilbert-Johnson 
reaction. However, other workers have found that 
parable! results were not Obtained when Giftierent bases 
were Soto caen 

Ryan, Acton and Saath | have reported the synthe- 
sis of 2'-alkylthiopurine nucleosides through a condensa- 
LVOneredctvon Using anmcalky | 1-thio-a-D-arabinofuranoside 
as une Sugar precursor. whe Stereospectiniicity 01 the 
reaction was thought to result from the formation of an 
episulfonium ion between C-1 and C-2. ieee attempted 
tolextend this Vesult to achieve a fully stereoselective 
synthesis of 8-2'-deoxynucleosides. However the poor 


yields obtained in the reductive removal of the alkyl- 
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thio group limited the usefulness of this method. 

Since ribonucleosides are readily available from 
natural and synthetic sources as & anomers, they are 
attractive substrates for 2'-deoxynucleoside synthesis. 
However, there have been major difficulties involved 
in obtaining the 2'-deoxynucleosides or suitable pre- 
cursors such as c’-halo ors 2'=mercapto derivatives. 
Direct displacement of leaving groups by an external 
nucleophile at the 2'-position of ribonucleosides is 
hindered sterically by the base and electronically by 
the electron deficient C-1' and & oriented base dipole. 
PUGEnermogerss Since sthe 2 - and 3. shydroxyl qroupss are 
VEVacHMl ate ne redctiviry, Select Vem tunic clone, I2ceiOn 
Tseveryedifficult.. Any intermediate which has both 
DOSmeTONS “Symmethically activated will) Givera pre- 
dominance of the 3'-derivative from external nucleophilic 
attack OWING. tO. the noted Inintbition of reaculoNm ay Cocee 

Todd and poeon ens were the first to report the 
Synthesis of a pyrimidine 2'-deoxynucleoside from the 
corresponding ribonucleoside. They found that treat- 
ment of 5'-OQ-acetyl-2'-0-p-toluenesulfonyluridine (35) 
with sodium iodide gave the 2'-iodo derivative (37) with 
retention of the ribo configuration. Subsequent hydro- 
genolysis and deacetylation gave 2'-deoxyuridine (38). 
lG@wass shown that the displacement reactions proceeded 


via an 0-2+2'-anhydropyrimidine intermediate (36). Al- 
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though Todd obtained an overall yield of tess ithan 10% 


fOr Uiiscmeconversion of Uridine to 2¥-deoxyurnidine. the 


novel method attracted the interest of numerous proline 12. 
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Efthalent routes for synthesws of the cyclonucleo- 
Side intermediates were developed which utilize the 
2',3'-diol structure and hence eliminate the problem of 
Selectively functionalizing two very simi har hydroxy 
Groupses Ineuwcyelice 2 ,3--O0-carbonate (39) and) 2y 53) — 


Q-thionocarbonate (40) derivatives have been used by 


several groups°” >" to give excellent yields of these 
DY riMndi ne wO-ce 2 —cyclonucleosidess “Tnhesforma tion s.Ot «a 


2 3 =acetoxonrun von (41). accessible Vide Varley 
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comprehensive review of pyrimidine cyclonucleoside forma- 


tion has been published recently.°/ 


Holy reported a 56% yield of thymidine from 5- 
methyluridine utilizing the following reaction Seatencen 


The O-2>2'-cyclonucleoside (43), obtained from 5-methyl- 


uridine (42) via the cyclic 2',3'-O-carbonate deriva- 


tive (39) was benzoylated to give the 3',5'-di-O- 


benzoyl-Q-2+2'-cyclo-5-methyluridine (44). Reaction 
of (44) with dry hydrogen chloride in dimethyl- 


formamide gave the 2'-chloro derivative (45). Mild 


reduction of (44) using tri-n-butylstannane followed by 


debenzoylation gave thymidine (13). 


Attempts to devise efficient syntheses of purine 


2'-halo and 2'-deoxynucleosides have proved to be much 


69 


more ditfieult.  Tkehara and Tada effected purine 


s-6>2 -cyclonucleoside formation by treatment of the 


8-bromo derivative (46) with thiourea. Intramolecular 


displacement of the tosyl] group at C-2° gave the desired 


apravalviese. (Ula. 


It was found, however, that Raney nickel desulphur- 
ization Was very ineffvcientwand low yields of —c -deoxy- 


adenosine (10) were obtained. Analogous reactions in- 


volving 8-oxoadenosine (48) also proved to be disap- 


pointing since the C-8-oxy group was extremely difficult 


70 
to remove. 
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Extensive work on the preparation of purine 2'- and 


3'-halonucleosides via 2',3'-acetoxonium ion intermediates 


(41) has been pursued by both Moffatt and co-workers! | 


(AES 


and Robins and co-workers. However, as stated 


previously, the 2'-halo derivatives (49) are formed as 
minor products accompanying the predominant 3'-halo de- 
rivatives (50). In the case of adenosine, these pro- 


cedures give ratios of (49) to (50) from approximately 


129° to, 36 depending on conditions wsed. 
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Attempts to synthesize purine 2'-deoxynucleosides 
through Sy2 displacement have been disappointing. 
Sporns’ treated 3'-0-methy1l-5'-O-pivaloyladenosine 
with 5 equivalents of thionyl chloride in pyridine at 
TZ20°%G for Tahour tor obtain @ 16.0... V16ld son then d= = 
Gnlonro. derivatives Ranganathan’> reported that displace- 
ment of the trifluoromethanesulphonyl group was possible 
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(52) was*prepared in 70% yield from the 31 55'=dipro- 


tected precursor (51).° Reaction with potassium thio- 


acetate at room-temperature gave the arabino-thio 
derivative (53) "in 552,yield: VRaney nickel wesainhuri za- 
tion gave the 2°-deoxyadenosine, although in low overall 


yield» trom @5.) )% 
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Recently Robins and Muhs/® reported the first, suc- 


Cass Mulconversion Of aipyrnolol2 y3-dipyrimidine nucleo- 
Side to its 2'-deoxy analogue. The antibiotic tubercidin 


(54) was converted to 2'-deoxytubercidin (55) in an 


eirgnc Step procedure that utilized a key episultonium 


ion migration analogous to the Baker route to 2'-deoxy- 


enue — 76 


The 27% overall yield obtained exemplies 
the difficulty associated with the syntheses of purine- 


type 2'-deoxynucleosides. 
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Be Recent Developments Pertinent to 2'-Deoxynucleoside 
Synthesis. 


Pegeneyal and efficient route for preparacion. ar 
purine 2'-deoxynucleosides has been elusive. The use 
of Sy2 displacement reactions have been limited due to 
the intrinsic complications of the molecules as dis- 
cussedoin @napter I-A. Ine: possibijaty of Utilazing san 
Sy! CyYpeNprROCeSS 15 Nnedated Since cationetOrmatl on at 
C-2' is precluded by the adjacent electron deficient ano- 
meric carbon. However, generation of an anion at C-2' 
1S) possiblee Im studies on the chromous ion induced 
SMMindt won OmeVicCinal halo acetates. Morratt and co- 
workers’! reported an anomalous result for the cis-halo 
acetate of uridine (56). A large amount of glycosidic 
cleavage of this normally stable nucleoside was observed 
upon treatment with chromous acetate. 

Moffatt hypothesized that this occurred as a re- 
Sint of the formation or the C-2 radical .7(57) whieh 


G01 lapsed e1ther to the 2 ;3'-olefin (58) or with giyco- 
Sidic cleavage. However, Tae has demonstrated that 
the free radical mediated reduction of 2 =nalouridines 
WhChietri—n-buty listannane = proceeds to tne “2e-deoxynucleo- 
Sidewinuhigh yleldewrthout diycosylecleavage. Adachi 

et ayy: have studied the electrochemical reduction of 
(Som [hey also observed a Siqnificant proportion of 


glycosidic cleavage. The proposed mechanism in this 
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Elimination of the base to form the 1'-2' unsaturated 
Sugar provides a plausible explanation. The similarity 


between these results of Morfart eo! and meenie 3 


would 
Suggest a common mechanism. This type of elimination 
of the heterocyclic base was observed also by Robins and 
Sporns./” They found that the generation of an anion at 
C-2' of an adenosine derivative using the dissolving 


metal reduction procedure of Ireland and co-workers?? 


Teadivlexclusive ly torglycosidic cleavage. 
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Therefore, homolytic cleavage methods appeared to 
offer the only feasible approach to efficient deoxygena- 
CLON SOT eNUCKEOS Ides at C2275 Thisawould Demconsistentewt th 
observations that deoxygenation of ribonucleotides to 
the corresponding DNA components effected by ribonucleo- 
tide reductase enzymes in nature are free radical 
mediated processes.©| 

Photochemical deoxygenations of alcohols (as esters) 
to alkanes have been investigated by a number of groups re- 
cently. Pete and co-workers”< reported that prolonged 
ultraviolet irradiation of carboxylic esters in aqueous hexa- 
methylphosphoramide lead to good yields of the corresponding 
alkanes. Application of this method to carbohydrates 
was successful for the deoxygenation of primary and sec- 


ondary hydroxy] drops. Other derivatives such as 


sulphonates©> and thioesters?®»8/ 


have been photochemic- 
ally reduced to the deoxygenated analogous. However, 

the strong absorbance of ultraviolet light by the hetero- 
cyclic base in nucleosides precludes this approach. 

A chemical method was sought that would allow a suf- 
ficiently low transition state energy for the homolysis 
process to overcome the need for high temperatures. The 
possibility of decarbonation of an alkylcarbonyloxy 
radical (61) was examined since the generation of carbon 
dioxide should be energetically favourable. Kuivila and 


88 


Walsh had reported that such fragmentations did not 


occur unless the derived alkyl radical (62) was especially 
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Stabilized. They found that formates (63) were the 


major products from reaction of chloroformates (60) with 


tri-n-butylstannane at 110°C. Beak and Moje’? obtained 


a 22% yield of toluene from benzylchloroformate and less 


than 1% cyclohexane from cyclohexylchloroformate using 


this method. Barton?? generated radical (61) through 


the photolysis of the azo-ester (64), however, only re- 


combination products (65) were observed with no apparent 


LosSeot carbon dioxide. 
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More recently Jackson and co-workers? reported 
that treatment of primary and secondary chloroformates 
(GO With trirsopropylsalane ine the presencesof aaradical 
iimttatoy eat 140°C ted *to good yields 07 alkanes seine 
greater strength of the silicon hydrogen bond (compared 


to the tin hydrogen bond) makes this reagent less suscept- 


ible to hydrogen abstraction by the alkylcarbonyloxy 
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radical (61). The higher temperature employed facili- 


tates the alkyl-oxygen homolysis process. The require- 
ment of higher temperatures, however, precludes applica- 
tron Of this method to sensitive substrates. 

Dio ore Barton and McCombie 2? reported that 


thiocarbonyl esters of secondary alcohols (66) underwent 


homolytic cleavage upon treatment with tri-n-butylstannane 
to give the deoxygenation product. 

The proposed mechanism, illustrated in Scheme XIII, 
invotved attack of the tri-n-butylstanny| radical on 


SUMPHUPSOLeo6.) to form a stabilized radicals intermediate 


(67). The radical could react by two pathways: Homolysis 


of the alkyl-oxygen bond would form the thermodynamically 
Stable carbonyl group and is designated as pathway A. 


Hydrogen capture by the newly formed alkyl radical (68) 


would lead to the deoxygenated product (69). The driving 
force for the reaction Was postulated to arise, from tre 
greater stability of the carbonyl over the thiocarbony] 


function; hydrogen capture would form (70) via pathway 


B. Subsequent hydrolytic processing of (70) would lead 


tOmLhewstarting a)cOnOlaC). [he Wsolatvionrof ibenzy| 


ether products (7/2) from treatment of thionopenzoate 


esters with tri-n-butylstannane presumably arises from 


the dethiation of (70) followed by a second hydrogen cap- 
wipe oo 


The energy difference between the two mechanistic 
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pathways A and B is apparently quite small. Hence, the 
proportion of deoxygenation product is dependent on the 
relative stabilities of intermediate (67) and the alkyl 
radical (68) generated by its homolysis. Primary alcohol 
derivatives reacted exclusively via pathway B due to 
Cheerelativerinstapy | ity Of =a primary dikyl radical. 
Barton found that pathway A was favoured over pathway B 
for secondary alcohol thionoesters at higher temperatures. 


High dilution, whereby immediate hydrogen capture by 


intermediate (67) was less likely, also favoured pathway 


A. 

Other thiocarbonyl derivatives examined by Barton” 
showed similar reactivity towards tri-n-butylstannane 
andealso lead to-—deoxygenatron products. Ring Substituted 
thionobenzoates showed little advantage over the parent 
derivative. However, the methyldithiocarbonate (methyl- 
Xdnthave)e group (73) eliminated the possibility of benzyl 
ether formation. Deoxygenation yields reported for all 
these derivatives were from 70-85% using steroid and 


Simple carbohydrates as model compounds. Thioimidazolide 


derivatives (74) also were deoxygenated. They were 
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Synthesized easily under relatively mild conditions. 
barton Notedy however. that the thtoimidazol1de reductions 
were less consistent and were dependent on the substrate 
Used He -avuributed "this behaviorato: tne Tormation of 
imrcazole ine the reaction. “The decomposition of “tri —n- 
butylstannane to hexa-n-butyldistannane is a process 
catalyzed by the presence of secondary AOE 
Applications of Barton's methods to more demanding 
Synthetic. problems: have “met with varied. success! 8h 
Che: “total synthesis sor ahirsutene,. hatsutva and BoeMON Meyer 
prepared the dithiocarbonate derivative of a hirsutene 
precursor and reported a 90% conversion to the deoxy- 
genated product upon treatment with tri-n-butylstannane. 
Rasmussen?” recently reported that an 87% yield of a 4- 
deoxypyranoside (75) was obtained via reduction of the 


thioimidazolide derivative (74). 
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Acton et a! found that the 2-thionobenzoate deriva- 
tive of 5-0-benzoyl-3-deoxy-3-C-[(benzoyloxy)methyl] ]-1- 
O-methy1-8-D-allofuranose (76) gave predominant formation 


Omeuhe scorresiponding: benzyl wether w/e pon sredulc tt one. 


Brimacombe et ae 


noted similarly poor results using 
this method. Unpublished results from our laboratories 
ESO mnaVercontipnmed that benzyl ether formation 1s 7a 
COMSMSLeMy eDVODMeM eihie tlds: ene dct lONsaeAeLOnns eginouUD 
reported that reduction of the methyldithiocarbonate 
derivative of the dibenzylated analogue of (78) gave a 


Zar uOnOfdeoxnygenatedwpmoduict (79 eto starting a lco- 
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In addition to the dual reaction pathways, there 
InewiaiMutations Of Barton Ss method arising trom the 
preparation of the thionocarbonate derivatives. The strongly 
DaSiice conditions used for thesantroduction of thio- 
benzoyl and methyldithiocarbonate groups are incompati- 
ble with several useful blocking groups employed in 
carbohydrate and nucleoside chemistry. An alternative 
Synthesis of thionobenzoates was reported by Barton.?° 
However, it involves the inconvenient generation and use 


Opel cov cn VOrmicesmandshydrocen sulfide.?° 


As well, 
these thionobenzoate derivatives are the most prone to 
give high ratios of by-products relative to deoxygenation. 
Barton?’ also examined the reduction of cyclic thio- 
nocarbonates (81) with tri-n-butylstannane. It was 
found that homolytic opening of cyclic thionocarbonate 
formed from one primary and one secondary hydroxyl group 
gave the alkane arising from secondary radical formation 
exclusively. The more stable radical and resulting alkane 
was generated. This method was applied to the 2',3'- 
eyelne thionocarbonate of G-N,o==-0-diacetyladenosine 


(82), obtained in 46% yield by the procedure of Goodman 


98 Treatment of a solution of (82) -in 


and co-workers. 
dimethylacetamide with tri-n-butylstannane at 175°C was 
followed by basic hydrolysis and acetylation. The 

product mixture was found to contain 60% of the 2'-deoxy 


(83) and 29% of the 3'-deoxy (84) derivatives. Isolation 


and removal of the acetyl groups gave 2'-deoxyadenosine 
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(UO) tin =227 Joverall yield from adenosine (6)a This 


yield iS comparable to other methods of 2'-deoxyadeno- 
Sine synthesis discussed in Chapter OU STE ETS 
Differing ratios of 2'- and 3'-deoxynucleosides would be 
expected upon application of this route to other substrates. 
The promise of this approach is limited by the low overall 
yield obtained and required separation of isomers. 

Thus, a general method of 2'-deoxygenation was 
lacking although significant progress lLoward solving 


the problem had been made primarily by the work of 


Barton and his co-workers. 
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A very serious obstacle encountered in the quest 
for a general 2'-deoxygenation procedure was the lack 
Offre method Tor the selective 3" {5°"protection of the 
trihydroxy nucleosides. A variety of methods exist by 
which primary alcohols may be derivatized in the presence 
of secondary hydroxyl groups.” Hence the 5'-hydroxyl] 
Group can bem protected selectively with no» durhrcul ty. 
The problem lay in differentiating between the 2'- and 
3'-hydroxyl functions. Since both secondary groups are 
very similarsin terms of reactivity and steric environ- 
ment, methods which involve partial rather than total 
demivatizatonsot the hydroxyl) "Groups: diver mixtures O71 


100-102 


Came ym ANC ect 1.0.4 Sais OMmexs Although resolution 


of these mixtures is usually possible by chromatographic 
means, the overall yield of 3°,5° blocked nucleoside is nor- 
mally weli-below 50%. Monoester derivatives of this cis- 


glycol system undergo rapid migration under slightly basic 


ene ane. ee This process, illustrated in Scheme 


KV eronrethencase Of SUNG acetyl LUncCt1 On aminVvon Ves aa 


cyclic orthoester intermediate (85) and gives rise to 


an equi libriummixturesot produets.. Reese and Silstone” 


reported that 5'-O-acetyl-2',3'-O-methoxyethylidene- 


adenosine (86) could be opened under mildly acidic 


Conditions stOrquvemammycture Of .2: 0) (Cy) manduace sou = 


di-O-acetyladenosine (88). The 3',5' isomer (88) could 
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be crystallized from solution, which shifted the equili- 
brium to favour this isomer. Good yields of crystalline 


(88) were realized. However, re-equilibration proceeds 


upon dissolution in solvents required for derivatization 


of the 2'-hydroxyl group. 


Moffatt and co-workers! °° reported high yields of 
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2-0 Cosy ladenosine (90 )» from adenosine (6). Vialan Situ 


generation of an activated stannyl acetal. (ketal) inter- 


mediate (89). Ranganathan’ prepared 3',5'-di-0O-tetra- 


hydropyranyl-2'-O-tosyladenosine (91) from 2'-0-tosyl- 


adenosine (90). Treatment of (91) with sodium amalgam 


gave 3',5'-di-O-tetrahydropyranyladenosine (51) in 45% 


yield from adenosine. 
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Nucleoside cyclic 3°75’ -monophospnates, (92) have 


been used occasionally as selectively blocked sub- 
strates. /9/ However, the acidically ionized phosphate 
function 1S not amenable to use in most organic solvents. 


Preliminary Investidations into tne utl lization of cyclic 


phosphate triesters (93) and cyclic phosphonates (94) 
108 


did not appear to be promising. ThespassiD witty of 
developing a selective carbocyclie protecting group 


was pursued briefly in our laboratory. 


B 
5 ae 92 R=0H 
Sl 93 R-=0-Alkyl 
ed 
VA O-On 94 R=Alkyl 
In 1978, Markiewicz and Niewiorows tio” reported a 


reagent for the selective preparation Of 3.50 “protected 
nucleosides. They had observed that triisopropylsilyl 
chloride reacted with primary alcohols 10° times faster 
than With secondary alcohols, When I, 3-dichloro—141).3,3- 
tetraisopropyldisiloxane (95) was allowed to react 

With uridine an the presence of imidazoles 3 50 -0- 
(1.53,3-tetraisopropy!disilox-1.,o-diyljuridine (96) 


was obtained in 70-80% yield. The analogous adenosine 


derivative (97) also was produced in comparable yield. 
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The disiloxyl group was removed smoothly using a soluble 
Hiiuorirde Won salt, but was relatively stable to mild 


acidic and basic conditions. 
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nts realization of an efficient and facile means 
LOMSelectwiIVely protect nucleosides sat 10-3" sand 0-5 was 
essential to the development of a general 2'-deoxy- 
genation procedure. 

These findings of Markiewicz have been substantiated 
in our laboratory and a representative variety of 3',5'- 
tetraisopropyldisiloxyl nucleosides have been prepared 
iii ieetOnquantlvative convers !0lmy le lids: 

The 'H NMR spectra of all of the 3',5' blocked 


nucleoside derivatives were very similar. The anomeric 


proton coupling constant was small in all cases. Ns 
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indicated that a relatively fixed sugar conformation 
existed in these compounds. It previously had been 


determined by | 


H NMR analysis in our laboratories that 
all of the nucleoside 3',5'-cyclic monophosphate deriva- 
tives exist in consistently rigid conformations that 
could be utilized to distinguish between a and B anomers 
of the precursor niciecsi dec ue Difficulties involved 
in preparing those derivatives, however, have severely 
lninwtedsp Gactiucaluappl cation of this unequivocal 

method of anomeric determination. 

Simi havktires and consistency of the ur NMR spectra 
Onrenomnucheaqside.s 55 -—cyclic monopnospnate: and 3°...0° = 
tetraisopropyldisiloxyl compounds suggested that the 
latter easily prepared derivatives might be useful for 
this anomeric configuration determination. A high 


Fireslidae 


LeNMReondeGindlercryStalms-rayestructure deter - 
mination was pursued in order to evaluate this possi- 


bility. 
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RESULTS AND DISCUSSION 


A. A General Procedure for the Conversion of Ribo- 


nucleosides to 2'-Deoxynucleosides. 


Iie / Se Barton and McCombie?? reported that second- 


ary alcohols could be reductively deoxygenated through 
the homolytic cleavage of thionoester derivatives. This 
method was discussed at length in Chapter I.B. We ex- 
amined= the applicability of this novel approach: to the 
problem of 2'-deoxygenation in purine nucleosides. 

The model compound chosen for our investigation was 3'- 
O-methyladenosine (98). A facile methylation procedure 
uSing diazomethane and stannous chloride had been 
developed in these laboratories which gave mixtures of 
2'-and 3'-monomethylated nucleosides.!!| Use of the 
3°-QO-methyl compound eliminated the problem of selec- 
CiVeRDEGOekKINgG= Of the 2,3. idioleesystem. | ines, —-O-metny| 
croup wes expected To exert Minti Mal estemice and! tec- 
Gromic wntertference at the 2° hydroxyl” functaont and thus 
would allow clear evaluation of the deoxygenation method. 
Ihe primary © -hydroxy| function was Dilocked selective y 
with the tert-butyldiphenylsilyl ayoun ia to give the 

Ss Pandes "protected nucleoside (99). Minis? siliyie pro- 
tecting group can be removed easily with fluoride anion! !3 


biteeisesstab.le storm! d acideand base conditions. srurthner-— 
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the lypophilicity of the nucleoside. 


Sp Cag Wh 1 7.08 


A A 
WOR 10 RO- a | 
MeO OH MeO OH 
98 99 | 
NHR NHR’ 
ex an, 
SANZ TN N7~_N 
RO- ai | RO7> ai 
MeO OH MeO OR’ 
R = SitBuPhy 100 a 
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When (99) was treated with thiobenzoylimidazolide 


Under stheesStrongly Dasic conditions of the Barton 


procedure,” two products were obtained. The major 


component was found to be the 6-N-thiobenzoylated de- 


rivative (100) and the minor compound the 6-N,2'-0- 


dithiobenzoylated nucleoside (101). Hence the 6-amino 


group on the base was protected prior to thiobenzoylation. 


Treatment of (99) with dimethylformamide dimethylacetal 


in dimethyl formamide !!° gave the 6-N-dimethylamino- 


methylene derivative (102). This N-6 blocking group is 
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difficult to remove selectively since conversion to the 
S=N-TOTMyh Product Occurs On ExXDosUre tO acids = —sUp-= 
sequent basic conditions are required to regenerate the 
free 6-amino function. However,. few:methods exist for 
selective protection of a relatively unreactive amino 
group with a base stable protecting group in the 
PResencemoy deTreeshydroxy | ttnets on ee When 102) swas 
Subjected to the previously noted thiobenzoylimidazolide 
procedure, the 2'-0-thionobenzoyl nucleoside (103) was 


obtained in 64% yield. 
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Slow addition of a dilute solution of (103) in 
toluene to a refluxing solution of tri-n-butylstannane 
ins toluene resulted in the formation of twoemejor 
products. These were identified as the 2'-0-benzy] 


ether (104) and the 2'-deoxy derivative (105). The 
viability of this deoxygenation process was verified by 
isolation of 2'-deoxy-3'-O-methyladenosine (106) after 


treatment of (105) with tetra-n-butylammonium fluoride 


(TBAF) followed by acidic workup and anion exchange 
chromatography on Dowex 1 X 2 (OHenaee However, it should 
Der notede that (104) Was a major products Ofetne re 
acison. Barton?” reported that the yield of deoxygenated 
product increased as the concentration of the’ reacting 
Species decreased. In our reductions of nucleoside de- 
rivatives, benzyl ether formation always occurred to a 
large extent irrespective of changes in addition pro- 
cedures, concentrations and temperatures. 
Methyldithiocarbonate (methylxanthate) derivatives 
were also reported to give deoxygenated products upon 


90 When (99) was 


treatment with tri-n-butylstannane. 
dissolved in THF and treated with two equivalents of 
sodium hydride, excess carbon disulphide and methyl] 
Todiyder according to the Barton procedure, © multiple 
product. fOrmatron was observed by TUG  Similariya re- 
actwoneof GlOc eundersthnese conditions resu bued@anit 


mixture of compounds. 
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Although no single compound was isolated for 
characterization, purine methylation at N-17 and Dimroth 
rearrangement to the 6-N-methyl products are known to 


116 In view of the 


CCU Unde ASIN areconditi ans. 
complex mixtures obtained by this procedure, this 
approach was abandoned. 

Thus Barton's methods of deoxygenation, while con- 


veniently successful with steroids and simple carbo- 


hydrate derivatives, were not directly applicable to 


nucleosides. The forcing basic conditions used to gener- 


ate the thiocarbonyl derivatives were not selective 

and required fully protected substrates. Although the 
3'-O-methyl ether and 6-N-dimethylaminomethylene groups 
Gould be vused siinsmode ly stud es: the di ffticulst ves 
associated with removal of these functions precluded 
Pict eUSer aS DrOteatingirouDs = »shurthernone . acne slow 
yield of 2°-deoxygenated product obtained from the re- 
duction, of the .thionobenzoatemwas unsatistactory- 

Lhe problem of 2'-deoxygenation of nucleosides was 
separated into two interdependent studies. The first 
concern was to find an alcohol derivative which would 
undergo efficient alkyl-oxygen homolysis and could be 
Synthesized under mild conditions. The second was to 


establmcha procedune, fom the appropriate yseleeti yes: 


and 5' protection of nucleosides. The protecting group(s) 


must be able to withstand the conditions required for 
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LHe eDOVer derivatization and homolysismet G-e20 lt must 
be subject to removal under relatively mild conditions 
arter tie reduction step. Since purine 2'-deoxynucleo- 
SiINeaares Very SUSCeDLIbIe tomaciid nvdrollysis block ing 
groups that require acidic conditions for removal were 
excluded. 

A reagent for activation and removal of the 2'-oxygen 
atom was desired that would functionalize alcohols under 
normal acylation conditions. Originally we examined 
Cie poOssiTD Mitty of Using thvobenzoy |] Cnloride. em Dati o= 
benzoic acid was prepared according to the procedure of 
Houben ||? through the reaction of phenylmagnesium bro- 
mide with carbon disulphide. The magenta colored 
ethereal solution obtained was very unstable toward air. 
Reacenroneot tinis product wroun tniony il chor ide gave <a 
complex mixture which did not yield the desired thio- 
benzoyl chloride. Dithiobenzoic acid was stabilized 
Livougnhe salt formations (Zn, PD). | However, regeneration 
of the free acid was required prior to reaction with 
timony! chloride. The extreme Sensitivity oT dithio- 
benzoic acid and thiobenzoyl! chloride to oxygen and/or 
water was a serious limitation and hence this reagent 
was abandoned. 

A chlorodithiocarbonate derivative appeared to 
offer more potential as an acylating reagent owing to 


increased stability and ease of preparation. Phenyl 
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"18 (107) and n-butyl chlorodithio- 


chlorodithiocarbonate 


ei) 


carbonate (108) were prepared by treatment of thio- 


phosgene with the appropriate thiol. Both were stable 


distidiedMincquiidseeeCholesterol (109)m wast chosenvas a 


Simple model secondary alcohol. When dried cholesterol 


was dissolved in pyridine and treated with (107) or (108) 


at room temperature the solution gradually became coloured 
and acylation was very slow. The addition of 4-N,N- 
dimethylaminopyridine (DMAP), a base demonstrated to 


eZi0 


be a powerful acylation catalyst, made no observed 


dimfterences) ltywassnecessany tor perform: thea reaction 
ats45-C forse shonter time’ to achieve optimum prodict 
formation. The 3-phenylxanthate (110) and 3-n-butyl- 


xanthate (111) derivatives of cholesterol were obtained 


in ~80% yields through multiple addition of the appro- 


priate reagent. 
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Treatment of (110)e0r :(11)) wiathitricn-butylstannane 


IneGetluxinigetoluene, accordimgytortnes procedures oF 


Barton?” gave cholestene (112) in 75-80% yield. A minor 


Dut Significant amount (10-15%) of cholesterol (109) was 


obtained also. No reaction was observed when these 
reductions were attempted in refluxing benzene. How- 
EVelreaddi tion of the free radical) ina tiator 2.2 -az0015- 
(2-methylpropanitrile) (more commonly referred to as azo- 
bisisobutyronitrile (AIBN)) to the benzene solution re- 


Sulted in cholestene formavion at S0-C without concomitant 


formation of cholesterol. Furthermore, it was found that 
product formation was unaffected by the concentrations of 
Substrate and tri-n-butylstannane under these conditions. 
It had been noted by Barton that without initiator 


present the yields of reduced products were inversely 
NLODORrtL Tonal “LO tne concentrations or reactanucn- 


Phenylselenylthiocarbonyl chloride (113) and phenyl 


chlorothionocarbonate (114) also were examined as acyl- 


ating reagents. Treatment of diphenyldiselenide with 


| 


sodium borohydride in ethanol followed by introduction 


of thiophosgene gave (113) in low yield. The orange-red 


Wigucd wassdistriied prior to use. This reagent. (ils) 


solidified on contact with pyridine. -Treatment of 


cholesterol with (113) in pyridine gave no observed forma- 


LLOneoOf product. “Variation of reaction temperatures and 


solvents had little effect and this approacn was abandoned. 


ihe procedure of ihyavalilee was employed for the 
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Preperation of (114) from phenol and thiophosgene. 


The resulting yellow liquid was stable and was purified 


innGoodmyleldebyevectum distil lations 
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When a solution of cholesterol in pyridine was 


treated with (114) at room temperature moderate conversion 


to the phenylthionocarbonate derivative (115) was 
observed. The reaction solution became coloured more 
Slowly than the analogous reactions with the chlorodithio- 
carbonate reagents (107) and (108). Acylation was pos- 


Sible at room temperature as opposed to 45°C. A 962 
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yield of (115) was obtained when the reaction was per- 


formed at room temperature in dichloromethane using 3-4 
equivalents of pyridine. Thus, in terms of acylating 


potential, (114) was superior to other derivatives ex- 


amined: “treatment of (115) with trion-butylstannane in 


refluxing toluene without an initiator resulted an al-— 
ROSt MO lreaction occurring. Repeating this treatment 
Of Vllb) ate s0-Ceinethe presence of VAlBlenesulted in a 


Product sdiSteibuLion.indistinguishable stromethat of 


the xanthates (110) and (111) under identical conditions. 


In all three cases cholestene was the major product. 
However, a steroidal by-product was formed also. The 
mass spectrum of this by-product showed a molecular ion 
of m/z 401 which is indicative of the presence of a 
nitrogen atom. The base peak at m/z 368 (arising from 


Joe cholestadiene) was common to all 


thes formation of -A 
the cholesterol derivatives with a labile group at C-3. 
We speculated that this by-product could result from 
reaction of the steroidal radical formed and AIBN. When 
thesreduetions: ot (110) v0 Ni)mor is) ewere per torned 11 
refluxing toluene using di-tert-butylperoxide as the 
initiator, cholestene was the sole product. A near 
quantitative conversion to cholestene was indicated by 
TiGeand an 64% isolated yield was obtained safter chroma- 


tography on alumina followed by crystallization. 


We evaluated reactions of (110), (115) and 38- 
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cholesterylthionobenzoate (116) with tri-n-butyl- 


Stannane under different conditions in an attempt to 
arrive at a plausible explanation for the differences 
observed. As discussed in Chapter .B.. Barton found 
tnat product to by-product ratios in’ the reduction of 
thionobenzoates were very sensitive to reactant concen- 


Craton sew ine oUrs suvudies one 116)° weraliso found iis to 


be true. “Treatment of (116) with Cp =nl=OUlGyi-s Vaninane in 


refluxing benzene with or without added AIBN gave the 3- 


benzyl ether derivative (117) and cholesterol (109) as 


tne yespective major and minor products. When the 
reaction was conducted in refluxing toluene, equal 


amounts or sllW) anid) cholbestene: (I 12)) were obtained as 


Well acse-a Minor anoun tor (109). Slow addition of 


the reactants to toluene at 110°C gave (112) as the 


major product. However, minor quantities of (117) and 


(109) were always formed. The postulated intermediate 
benzylic radical (67) would also be stabilized by the 


C= Susphur supsStituent.« Owing to this stabilization. the 
lifetime of (67) might permit bimolecular hydrogen 
transfer from the stannane to compete with the desired 
unimolecular carbon-oxygen homolysis (8 scission). This 
prediction is consistent with the finding that at 80°C 
the benzyl ether (117) which results from hydrogen 


transter as thesmajgor product observed... Barton s 


observations that high dilution and higher temperatures 
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favoured deoxygenation aso fare sconsiistent wrth the 


mieeritied iacyror || 67’): 


Reaction of the phenyldithiocarbonate (110) with 
thi=h-bUuUtyIsStannane sin the absiencevofta free radiica | 
iIMittavonw procesdsSratsihi°C but not atec0sG. seins et 
would appear that the activation energy for initiation 
ORereactiomrot Athese ederivatives sis ehigherethan that 
Of wtherthvonebenzoatess “The w@=dithio radical anter- 
mediate (118) would be presumed to be less stabilized 


hance Dem ay iicuat nino ereadica l iG 7))euuel hemnormattion. of 
by-product cholesterol in the uninitiated reaction of 
dithiocarbonate (110) with stannane at 110°C was 


assumed to arise from hydrogen transfer to (118) in an 


analogous manner to that occurring with (67). However, 
the observations that the reaction is independent of 
concentration and proceeds at a lower temperature in 
the presence of AIBN mitigate against this pathway as 
Bie esole sroute “for eornation. of cholesterol. “ite mi ghit 
DeeMGre (plausible (to ssudgest “that tormatron of the 
alcohol proceeds independently from the pathway for the 
alkane. These processes might not share (or else might 
diverge in early pathways from) the same initiation 
intermediate. The involvement of an intermediate such 
as (118) Was notesupstantrated. | A more edetalled study 


of all the products formed in the reaction would be re- 


quired for a more defined mechanistic ania SiS: el eounce 
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the mechanistic implications of cholesterol formation 
WemewOTelMceres th stORUS sfOrepracthiical considenatronsecon |). 
a more detailed study for theoretical evaluation was not 
DUGSUed SS Skt ei Senotewonthy that wheatingmsassolution 101 

the phenyldithiocarbonate (110) and AIBN in toluene 

at 110°C for extended periods gave mo evidence of re- 
action in the absence of tri-n-butylstannane. Therefore, 
interaction between the redistilled tin hydride and the 
thiocarbonyl compound is apparently necessary for the 
overall thionocarbonate ester cleavage, and alcohol re- 
generation WWienotesinply adeacylationsartitact: 

Reaction of the phenylthionocarbonate (115) with 
thi-n=buty lstannane sin the presence -0f AIBN proceeded 
auoOsG and gavermproduct formation andistinguishab le 
from that of the phenyldithiocarbonate (110) under the 
Same conditions. However, essentially no reaction of 
(ibjeand tri-n-putyistennane eceunred at 110°C in the 
absence of tnitiator, Reaction did occur at 140-Cuin 
the absence of AIBN to give cholesterol as the major 
Droducteand cholestene as a minor Pproduct.. BoUb gee tion 
Ofmlio) toOeretluxing xylene an eltpenr the presencelor 
absence of AIBN gave neither cholesterol nor cholestene 
although some decomposition of the starting material 
was noted upon prolonged heating. It would appear that 
the activation energy for initiation of reaction of (115) 


isenrahemethan thateon (hid), bUtethat thessubsequent 
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deOxyVGenalron process 1S similanry “lt 1's possi) ]e= tna t 
Tne diirerence™ in reactivity results trom tne» area ter 
Stability Of an O=dithio radical intermediate? (118) com- 
pared to an a=thio-G-oxy radical intermediate (119). 

A procedure employing phenylthionocarbonate de- 
Vivatives Was chosen for our deoxygenation of alcohols 
for several reasons. Phenyl chlorothionocarbonate (114) 
is a stable, effective acylating reagent that does not 
require strongly basic conditions to derivatize hydroxy | 
groups. The phenylthionocarbonate function is stable 
to aqueous work-up procedures and is amenable to chroma- 
LOGraphie purification methods. Reaction of these de= 
rivatives with tri-n-butylstannane occurred under mild 


cOnmdltyons, 1m thes presence of radical Initiator and 


lead exclusively to the desired alkane products. 
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The deoxygenation procedure was applied to 5a,6a- 
epoxy-3B-cholesterol (120) following the procedure out- 
lined for cholesterol. The intermediate phenylthio- 
nocarbonate (121) was obtained in 94% yield and re- 
duction with tri-n-butylstannane gave 5a,6a-epoxy- 
eholestane "(122)" ine78e overaiie yieid trom (l20)= 

The 5'-O-(tert-butyldiphenylsilyl)-3'-0O-methy1- 
adenosine derivative (99) again was chosen as a Suitable 
mogeleto test» thevapylicabtlityrof thisedeoxyqenation 


method= to nucleosides, “Treatment of a solution oT 


(99) in pyridine with phenyl chlorothionocarbonate (114) 


caused the reaction solution to slowly become coloured 
and gave a 60% yield of the 2'-0-phenylthionocarbonate 
derivative (123). The yield was not optimized, but no 
b-N-acylated products Were observed. Treatment of “a 
solution of (123) in toluene with tri-n-butylstannane 


at 75°C in the presence of AIBN resulted in almost quan- 
titative conversion to 5'-0-(tert-butyldiphenylsilyl)- 
2'-deoxy-3'-O-methyladenosine (124) by TLC. Thus, 


an effective means to remove the 2'-hydroxyl group from 
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nucleosides was at hand. The remaining major obstacle 
WaS sine sselective protection of nucleosides, at 0-3" 
and 0-5' to allow specific derivatization and removal of 


the 2'-hydroxyl function. 


: ; an ye nies . 109a 
A communication by Markiewicz and Wiewiorowski 


reported the first selective and stable 3',5' protecting 
group for nucleosides. We prepared this 1,3-dichloro- 


Lalec<o=tetratsopropyldis) hoxane (95) (TRDSCI) by a 


modified procedure improved from that reported by 


Vee, 


Markiewicz. Treatment of a solution of adenosine (6) 


(iM OVEL aI MegWithetPDSCl* (95) dave 3 uno" —Oa(1e ls 3c = 


tetraisopropyldisilox-1,3-diyl)adenosine (97) (3!',5'-0- 
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TPDSadenosine) in 80% yield. When the 3',5'-O-TPDS 


derivative (97) was dissolved in pyridine and treated 


with phenyl chlorothionocarbonate (114) at room tempera- 


ture, the reaction solution slowly became coloured. 
However, only a trace of the 2'-0-phenoxythiocarbonyl] 


nucleoside (125) was formed. Multiple additions of 


reagent (114) to the pyridine solution and prolonged 


reaction times gave ~20% yields of the 2'-thionocarbon- 


ace derivative (125). [t= appeared that pyridine catalyzed 


decomposition of the reagent (114). “The rate of 


aceylauron Of Sterical ly accessible alconors such as 
cholesterol "by™=reagent (il4) im™the presence of Dyridine 
was sufficiently rapid to compete with the decomposi- 
tion process. However, this was not the case with the 
hipdenecd =o. —O0- IPDS MUCTeOS des: PA Variety. O17 sO] Vents 
and catalytic bases were tested for use in the acylation 


reaction of 3',5'-0O-TPDSadenosine (97) with phenyl 


chlorothionocarbonate (114). Treatment of a suspension of 


oO - Trp Soadenos ine (97) in anhydrous acetonitrile 


with 2 equivalents of 4-N,N-dimethylaminopyridine (DMAP) 
and = I.? equivalents of reagent (114) resulted in quan- 


titative conversion to the 2'-0-phenoxythiocarbonyl 


] 


nucleoside (Ico) as observed by T1L€.” The “Hh ONMR spectrum 


of the isolated 2'-thionocarbonate (125) (Table 1) 


showed a marked downfield shift for the 2' H resonance 


in relation to that of the 2'-hydroxyl] derivative (97). 
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This is consistent with reported 'H NMR chemical shifts 


onvG-H raroups with ester and thionoester substituents. °° 


It is noteworthy that we were unable to synthesize the 
analogous 2'-O-phenyldithiocarbonate nucleoside deriva- 


tive (126) under any conditions tried using the phenyl 


chlorodithiocarbonate reagent (110). 


Treatment of a solution of the 2'-0-phenylthionocarbon- 


ate derivative (125) in toluene with tri-n-butylstannane 


at 75°C in the presence of AIBN gave quantitative con- 


version to 2 =deoxy—3'",5"-0-TPDSadenosine (12/7). ° Re- 


moval of the TPDS group from (127) was effected by 


Subsequent treatment of the toluene reduction solution 
with tetra-n-butylammonium fluoride (TBAF) at 80°C. 


The 2'-deoxyadenosine (10) obtained was purified by 


anion exchange chromatography on Dowex | X 2 (Ot ee 


Alesteps sof athe sreaction sequence 9 (6)> (97) (125) (027 )\> 


(10) proceeded efficiently without crystallization or 
chromatographic purification of the preceding compound. 
The individual reactions were performed on the crude 
residues obtained from evaporation of the dried 

Organic layer after liquid-liquid partition work-up of 
thempreceding medchion, ihe four Step redetionmse- 
quence from adenosine (6) gave 2'-deoxyadenosine (10) 
IMemeou overall vields a [his 1s markedly superiiox sto 

any prior synthetic method for the 2'-deoxygenation of a 


; ; SOMO OF 7 laieors feos 0 
purine nucleoside. 
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When uridine (9) was treated with TPDSC1 (95) in 


pyri dinese 3) so") -0-1PDSuridine: (96)ewas) obtained an 


excelent: yield. 2 Reaction of (96) with» pheny lp chilloro- 


thronocarbonate (114) ins acetonitrile:an thes presence 


oT DMAPT proceeded quantitatively to give the 2.-0- 


phenoxy thiccarbonyl=37 55"-O0-7P DS: derivative (128). 


ine wadebeen  reported=previousdy that themd-222* = 


cyclonucleoside of uridine (36) was formed in high 


yield upon heating either the cyclic 2) 3! -O-carbonate” °- 


63,64 


or thionocarbonate derivatives. However, treatment 


of the 2'-thionocarbonate derivative (128) in toluene 
at 80°C in the presence of tri-n-butylstannane and AIBN 
resulted exclusively in 2'-deoxygenation to give the 
2'-deoxy-3',5'-0-TPDS derivative (129). No cyclonucleo- 


Sides product was obServed in this reaction." = Treat- 


ment of the protected 2'-deoxynucleoside (129) with 
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TBAF was followed by chromatography on AU-4 charcoal to 


give 2' deoxyuridine (38) in 68% overall yield from 


uridine (9). This yield is slightly superior to prior 
Procedures involving 0=-2>2°-cyolonwe leosa de: inter= 


.’ 6 
convers ons. : 


Application of our reduction method to guanosine 
(7) required only minor alterations. The insolubility 
of guanosine in pyridine restricted its conversion to 
3',5'-Q-TPDSguanosine (130) upon treatment with TPDSC1 


(95). When guanosine was dissolved in DMF/pyridine 


(10:1) and treated with TPDSC1 (95) a good conversion 


to 3',5'-0-TPDSguanosine (130) occurred. Analysis of 


the sreeaction mixture DY TEGO indicated that formation 
of a minor nucleoside by-product had occurred that 
Migrated sligntly faster than the 325 -0=-1P0s deriva- 


tive (130) an all solvent sysittems examined: This by- 


product was not investigated due to the inherent 
qjftticulty associated with purification of guanosine 
deyivatives. (lO avoid possible complications (ine 


3'55°-0-1DPS derivative (130) was isolated and crystal- 


lnzedvin J02 yield prior to reaction withepheny | 


chlorothionocarbonate (114). Treatment of a suspension 


of (130) in acetonitrile with reagent (114) and DMAP 


gave 2'-0-phenoxythiocarbony1-3',5'-0-TPDSguanosine 


(13tyein 94% yield. Reduction of the 2 *-thionocarbonate 


(131) with tri-n-butylstannane following the procedure 
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outlined previously and subsequent treatment of the 
reduction solution with TBAF gave 2'-deoxyguanosine 


Cette. The crude 2'-deoxyguanosine was applied to a 


Conmunn Of Vowex lV X°*2 CON”) resdim and eluted using 
tetraethylammonium bicarbonate buffer. The overall 


yield of 2'-deoxyguanosine (11) from guanosine (7) was 


60zeand the yreld of (11) from 37.5" -0-1P0Squancosine 


(130) was 85%. 


The reaction conditions used to prepare 2'-deoxy- 
adenosine (10) from adenosine (6) were applied to 
tubercidimn 8wrthout alterations *The overall syield 


Of a2 deaxyiiberer di (oo) eh eometubercid unm 54 hwas 


68%. Differences between yields obtained for 2'-deoxy- 


adenosine (10) and 2'-deoxytubercidin (55) arise 


Deimeari | yerrom theedit ferent so lubili tres on the two 


products. “he recovery of 2°=deoxytubercidin. ~§(55) 


from crystallization was lower than that obtained for 


2'-deoxyadenosine (10). 


Treatment of toyocamycin (vengicide ) (135 )ewith 


PPOSC I (OS) ine pyridine dave an co. yieldsot 3a55e=)- 


TROStovyocamycin (1s6)-"" The excellent crystallization 


properties of this derivative (136) °allowsthe high re- 


covery. Reaction of 3',5'-0-TPDStoyocamycin with phenyl] 


chlorothionacarbonate (114) in acetonitrile with DMAP 


followed by reduction of the 2'-phenylthionocarbonate 


derivative (137) with tri-n-butylstannane in toluene 
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gave an 87% yield of the blocked 2'-deoxy derivative 


Gissimirom toyocamycin (1e5o. The 2'-deoxy-3',5'-0-TPDS- 


toyocamycin (138) was treated with TBAF and purified 


by chromatography on AU-4 charcoal to give a 69% overall] 


yield of 2'-deoxytoyocamycin (139) from toyocamycin 


(135). Passage of 2'-deoxytoyocamycin (139) through 


a column of Dowex 1 X 2 {OH ) resin, Using 40% methanol 


water for elution gave 2'-deoxysangivamycin (141) in 


quantitative yield. This procedure for the conversion 


of toyocamycin (135) to sangivamycin (140) is more 


convenient and efficient than the method using hydrogen 


peroxide in aqueous base reported by Tolman et ee 


Treatment of cytidine (Se) with TPDSCl) (95) in 


pyridine gave 3',5'-0-TPDScytidine (142) in excellent 


yield. However, reaction of (142) withfreagent (114) 


under the usual conditions gave only partiatmeonvers10n 


POmimesdes ined 2 -O-phenoxycniocar Don Vii) 2.0. Oto 


cytidine (146). Moderate overall conversion of (8) to this 


derivative (146) was obtained using six equivalents of 


DMAP in place of the normal two equivalents. It was 
assumed that the difference in behavior of cytidine 

(8) compared to the other nucleosides, studied was 
attributable to the reactive 4-amino group on the base. 


The selective N-4 acetylation procedure of Fox and co- 


V25 


workers was followed to give 4-N-acetylcytidine 


(iacjameireatmenteot 43 )ewrth TPDSCI9( 95) = inepyri dine 
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gave eN-acetyl=3 5) -O0-TPDScytidine: du440" ineexcel lent 


yields Surprising! Vy." this: derivativeriac4ewasur ocala y 


unreactive toward phenyl chlorothionocarbonate (114) 
despite numerous attempts to promote reaction through 
Variation or the reaction conditions. Wreatment of 
T= Neacety iio so —O-1PDScytidine (144 Me ineaceconvtrime 
with acetic anhydride in the presence of DMAP gave 
SNe aGety eo Ue acetyl = 3 so! = Oe DSicy tidainen (oe) ain 
good yireld= The causes) of the Wack oreredctiviiny) of 
the 4-N-acetyl derivative (144) toward reagent (114) 
remain(s) unclear. 

Subgiectione of 2 '-0-phenoxy thiocanbonylies? .ors=0- 
GPDSeytidiiveae(ea6 )\e uor the: standard reduction tproecedune 


resulted *in.a “conpliextimixture: of products... Although 


a minor product. of the mixture was found sto be the.2’ - 


deoxy-3',5'-0-TPDScytidine derivative, the major contituent 


was unreacted 2'-thionocarbonate (146). Extended re- 
Iv LONan Me Swew hun mu tip Le) adda troin'ss1Ot wt y 1/= = Ut ys i 
stannane resulted in further decomposition of reagents. 
iievtcetalytic decompos iti oniot (tri-n-buty Estannaneby 


anes. 


was discussed in Chapter I.A. Hence the 2°- 
thionocarbonate derivative (146) was acetylated with 

acetic anhydride and pyridine to give 4-N-acetyl-2' -0- 
phenoxythiocarbonyl-3',5'-O0-TPDScytidine (147). This 


acetylation could be accomplished directly by subsequent 


addition of excess acetic anhydride to the acetonitrile 
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Solution.or the completed 2’ -0-thiocarbonylation step. 
Treatment of (147) with tri-n-butylstannane and AIBN 
at 80°C in toluene resulted in good conversion to the 
2'-deoxygenated compound (148). The 3',5'-0-TPDS group 
was removed from the 2'-deoxy derivative (148) in the 
uSual manner and treatment of the 4-N-acetyl derivative 
with sodium methoxide in methanol followed by anion 
exchange chromatography on Dowex 1 X 2 (OH ) and crys- 
tallization from ethanol gave 2'-deoxycytidine (a2) 

An overall yield of 35% was obtained for the conversion 
Ofecytidine (8)eto 2¢-deoxycyeidine: (12) 

Few methods exist which allow successful deoxygena- 
tion of hindered alcohols on acid sensitive carbohydrate 
derivatives. —rredtnent Crumethy ll S=D=ribotiranoside 
(149) in pyridine with TPDSC1] (95) gave an excellent 
yield of methyl 3',5'-O-TPDS-8-D-ribofuranoside (150). 
Acidic work-up conditions had to be stringently avoided 
Simce this glycoside is easily hydrolyzed] ~Chromatog- 
raphy could be performed efficiently on neutral silica 
if contact time with the absorbant was kept to a minimum. 
The 2-0-phenoxythiocarbony1-3,5-0-TPDS derivative (151) 
was prepared in the uSual manner. The standard re- 
duction Conditions gave .clean conversion to methyl) 2- 
deoxy-3,5-0-TPDS-8-D-erythro-pentofuranoside. Isolation 


and purification of this blocked derivative and) the 


deprotected methyl 2-deoxy-8-D-erythro—pentofuranoside 
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were not pursued extensively owing to the acid sensitivity 
Ofetnese compolnds.: “Protection of hydroxyl) groups of. 2 = 
deoxynucleosides as esters stabilizes the glycosyl bond 


126 The crude residue of the 


against acid hydrolysis. 
methyl 2-deoxyfuranoside obtained from evaporation of 
the reduction and deprotection solution was treated with 
anhydrous pyridine. Treatment of this mixture with 


excess p-toluyl chloride gave the known methyl! 2-deoxy- 


Wey) (isan 


3,0 -d1-0-p-toluyi-@-D-ery tino=pentotunaneside 


which was purified on neutral silica without serious 
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decomposition. The overall yield obtained for the 
conversion of methyl B8-D-ribofuranoside (149) to methyl 
P-Neoxyes.o-di-U-p-toluyl-@-D-erytnno- pemtoturanos ide 
(152 eWwaseoS2. sihis method eshouldetindesyntnetic 

appl ueabiletyvein the carbohydratestie lde for deoxygqena- 
tion of hindered and acid sensitive sugars. 

Finally, our deoxygenation procedure was utilized 
for removal of a 3-hydroxyl function of a simple pro- 
Tectedesugamederivative. = Treatment of "l,24556-di-0-1s0- 
propyinidenegiucofuranose «( 153) "in tacetonitr isle ny ethe 
presence of DMAP with phenyl chlorothionocarbonate (114) 


gave the 3-0-phenoxythiocarbonyl derivative (154) in 


excellent yield. Treatment of this derivative (154) 


with tri-n-butylstannane and AIBN in toluene at 80°C 


gave the 3-deoxysuaar (155) in 85% overall yield from 


Ehemstanrtingmalconol lod je. Ings (result us scomperan le te 


results obtained by Barton?” forvdeoxygenation of the 


Same Sugar model- 


SCs We 8.00, 
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The deuterolysis of 9-(2-chloro-2-deoxy-8-D- 
arabinofuranosyl )adenine (156) using tri-n-butyltin 
deuteride was studied previously in our laboratory 
The ratio of 2'-deoxy-2'-deutero-ribo (157a) to 2'-deoxy- 
2'-deutero-arabino nucleoside epimers (157b) produced in 
this free radical mediated dehalogenation reaction was 
“Cojo. sy ine observed bias th prodiicth formation was 
presumed to arise from the favoured attack on the bulky 
qeuverostannane Dy the less hindered nibo, face ot “the 
Zeeiradicaie(Wwhich 1G trens tosthe heterocycle at.G=1 ): 
Equivalent product ratios were obtained from the epimeric 
2 -cnioro-arabino (156) and 2°=chloro-ribo adenosine 


derivatives (158). Hence, the free radical intermediate 


was assumed to be separated from the departing chlorine 


atom. 
S (Gn EWE? 0.0.08 
A 
HO O 
K cy 
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157a 157b 
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We were interested to determine whether the present 
deoxygenation process with the 2'-phenylthionocarbonate 
derivatives would result in a similar stereochemical 
outcome. Treatment of a pyridine solution of Je p= De 


arabinofuranosyladenine (159) with TPDSC1 (95) gave a single 


] 


product (by TLC). It was not apparent by ‘H NMR 


spectroscopy whether the product was the 8-membered 
trans- (ised 3 55°-O0-T1PDS dériwative (180)mon the 10- 


membered cis 2',5'-O-TPDS derivative (161). A sample of 


this product was acetylated for further | 


H NMR analysis. 
inewmarked= downfield shift of the Signalmromethe 2. - 
hydrogen allowed the unambiguous assignment of the 2'- 


O-acetyl structure (162). This confirmed that 943,5-0-TPDS- 


B-D-arabinofuranosyl)adenine (160) was the product of 
the silylation reaction. The 2'-phenylthionocarbonate 
derivative (163) was prepared by the standard method. 
The 'H NMR downfield shift of the peak for H-2' (see 
Table 5) reconfirmed our assignment of the 3',5'-0-TPDS 


structure (160). 

Treatment of a toluene solution of the thionocar- 
bonate (163) with tri-n-butyltin deuteride and AIBN 
Ato lC Was fo) lLoWedebyaeaddl ti0n. Og ueiDIA ces Amel One = 
change chromatography on Dowex 1 X 2 (OH ) gave the 
OE =deoxryc -deltveroademos 1 nes (l5/aw 10/7) sei Mert lO s0t 


ribo to.arabino deutero C-2'’ epimers was ~88:l12 as 


evaluated by integration of the peaks for the H-2' and 
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H-2" protons measured at 400 MHz. 

When the identical conditions of deuterolysi7s and 
deblocking were applied to the ribo 2'-thionocarbonate 
derivative (i25) the ratio of ribo to anabino deutero 
co epimers obtained was identical to that obtained 
from the arabino 2'-thionocarbonate derivative (163). 
This would imply that a separated alkyl radical inter- 
mediate is formed in this reaction. 

As a contro! study, the 2°-chloro=2°-deoxy-3 55 —- 
O-TPDS-arabino derivative (164) wais prepared in the 
usual manner from 9-(2-chloro-2-deoxy-8-D-arabinofurano- 
syl)adenine (156). Reaction of the blocked 2'-chloro 
derivative (164) with tri-n-butyltin deuteride at 80°C 
in the presence of AIBN followed by treatment with TBAF 


and anion exchange chromatography gave the 2'-deoxy-2' - 


deuteroadenosines (I5/a, 157b)2 The ratio of ribo to 


arabino deutero C-2' epimers again was ~88:12 as was 


obtained for both the epimeric ribo (125) and arabino 


(163) 2'-thionocarbonate derivatives. It seems likely 


that all three derivatives react via a common 2'-alkyl 
radical antermediate in this hydrogenolysas process. 


The results obtained are comparable to those of our 


Liste 


previous study. lhe wgreater Uniformity. of peoduct 


ratios obtained in the present work probably arises 


] 


fromthe greater sensitivity of the 400 Miz SH ONMRanal= 


ViS ler. 
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As discussed in our original study, the biosynthe- 
tic transformation of ribonucleotides to 2'-deoxyribo- 
nucleotides is thought to proceed by a free radical 
mediated enzymatic Hineese oo The enzymatic conversions 
proceed with complete stereoselectivity and retention 
Ofecontiguration of attachment of the incoming Haz (to 
Enhesripoetace.= ihe present: 2 ¥-deoxyoendidon procedure 
allows a biomimetic conversion with greater than 85% 


Sterecselectivity for the “natural” ribo epimer. 
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B. A Facile Method for Determination of Anomeric 


Configuration 


A convenient and reliable method for determination 
of the anomeric configuration of an unknown natural 
product nucleoside or the product of a sugar base coupling 
Synthesis has been elusive. There have been a number 
of empirical correlations made on various derivatives 
of anomeric nucleoside pairs. Small differences in 
Spectralecharacteristics or other physicals constants 
have been noted. 
Ov gana iy said sion 7S. aru bes. or isorotation! 2? 
for carbohydrate derivatives were applied to nucleosides. 


TU Aver femal Ghee ae Gey en 


Ulbricht and co-workers 
Spectra of nucleoside anomers exhibited oppositely 
SROMed I OnG-wavelengti (Bo), 9) stransitton> maith s 
transition was found to be positive for a-purine and 
B-pyrimidine ribonucleosides and negative for the com- 
plementary anomers. However, both of these chiroptical 


methods were found to be subject to evecntionee | 
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The formation of purine 3-N+C-5'- and pyrimidine 
2-0+C-5'-cyclonucleosides has provided unequivocal 
DrOOh Of the Cis orientation Of the base wand G5 (ea 05 
configuration). However, negative results from this 
chemical method could be misleading since certain & 
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anomers do not form cyclonucleosides easily. Further- 


more, this method is not applicable to nucleosides with 
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modified bases which lack the required functionality. 
The first identification of o-adenosine was 


accomplished via a novel method by Wright, Tener and 
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Khorana. Synthetic a-adenosine and natural adeno- 


Sine (8) were treated with periodic acid and the re- 
Sulting dialdehydes were reduced with sodium borohydride. 
ihe two traols obtained: had chirality remaining ait. C-1' 
only and were found to exhibit enantiomeric optical 
rotations. An extensive survey of oxidized-reduced 
nucleosides accomplished recently in these laborator- 
jes)? revealed that triols resulting from a anomers 
have negative optical rotations while those from 8 ano- 
mers have positive rotations. However, exceptions have 
been observed with azapyrimidine (triazene) nucleosides. 
Vy NMR spectroscopy has been utilized extensively 
for anomeric configuration determination. A number 
Ofvempiriucall mevnods involving! chemi calyshitte dit ferences 


PRO STEN) In general these deal with 


have been published. 
themand SOtnOpaG ser tectsmorecne: basen ona specitd. casi te 
Ora tunGtilone One theedunanose residue. ner most, widely 
apo educri temonnanvolvese chemical Si ititacdinh( enences 
between the gem-dimethyl singlets of 228 36-0 -Nsopropyli- 
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dene derivatives. Vy NMR spin coupling parameters 


havemalso been used tomassiqn a trans Hol to hac. con- 
ifees 
figuration when Jyi_o1 < gon Zee 


Other recent methods involve more advanced in- 
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Strumental techniques which are not always available 
for routine analysis. Relaxation time correlations for 
carbohydrate derivatives have been studied by Hall and 


e's) 140 A 


co-workers and Guschlbauer and co-workers. 
direct relation between the proximity of adjacent 
hydrogen atoms and their relative relaxation times was 
Shown to exist. This allows calculation of the pre- 


: : : ; 140 
ferred conformation and anomeric configuration. 


V3¢ NMR spectroscopy has also been investigated. The 


13, NMReecnemi1cal=shifts of *carbon ‘atoms are Veryesensi = 


Live tOrsterice Crowding. EPairs oreanomers studied! *! 
had C-1' resonance frequencies at lower fields when 
the base was Cis to the 2%=hydroxyl sgroup relative to 
the trans orientation: 

A survey of a number of methods with a critical 
evaluation of their limitations has been made.'!9 
Since essentially all of the methods have been found to 
have exceptions or severe limitations and the rules 
formulated were based on empirical observations, un- 
equivocal identification of a single anomer often was 
impossible. Furthermore, most methods require measure- 
ment of a relative difference between anomeric de- 
rivatives and both anomers must be available for com- 
parison. 
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Robins and MacCoss described the firstegenerally 


applicable method which allows the unequivocal deter- 
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mination of a single anomer. This method is based 

One UemcCONVeRrSOn Of athe 1b Onc Leo si demttom toe oo) = 
cyclic monophosphate derivative and determination of 

its H-1"° to H=2' NMR coupling constant.. They found 

Chart etnies ped Oy oH | "ap piearsy maisena ssh NGule tL (Jy _o: < 
0.7 Hz) for B-ribonucleoside 3',5'-cyclic monophosphates 
(8-3',5'-cNMP's) and a moderate to strongly coupled 
doublet (Jys_o1 See HZ) Oy CS) (ct) anoMe cS em ine 
consistent ranges of the observed coupling constants re- 
Sult from the conformationally rigid cyclic nucleotides 
which are comprised of a trans-fused six to five membered 
ring system. Since the geometry of the furanose 

moiety is fixed, $, 41_y4 5. 18 virtually the same 

fom all p-37,5 —GNMP Ss and anisotropic effects of the 


base and other variable factors (previously utilized 


for anomeric determination) are of negligible consequence. 


Thus no exceptions have been observed with this method. 
Furthermore, since each anomer is uniquely defined, 
there is no need for both anomers to be available. 

This method, however, has not found widespread use due 
ECR tNGLOUERUICULEY iiiethems yn GneSi1S FO theriuoe-CNME ase 


Vy NMR spectra of the readily 
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be=restricted toa similar conformation range. Acrepre- 
sentative number of 3',5'-0-TPDS nucleosides were prepared 
to determine if the conformational pattern observed was 
COnSistenteand as’ reliable as that of the oc) so) -cNMP Us. 


Th oye 


Tapveml=containse a COMmpilationwot the 
eneiiical Shtttcedata for, the 3) 0? -UO-T PRS=nucteosides 
With ea tranicel = 2s Conti guration. = ihesG™ 40. -O- 1) 0S 
derivative of methyl §-D-ribofuranoside is included 


also. The coupling constants for these derivatives are 


listed "in fabve 3°" “The coupling constants found for 


the 1°=2° and 3"-4"' protons indicate that the furanose ring 


Salon conformational range which is 


Simblar co that found in the Blanes 3, |e Tt has 


es Mae ale 


been estimated that duis must be in the range 


-H-2' 
One J0-105" Tor eecoupling=on less than | Hz to.occur in 
110 : 
CHESeaTUraAnhOSy I Structures. A small anomeric coupling 
was observed for the 8-ribofuranosides throughout the 


Series. However, the anomeric proton coupling of the 
3',5'-O-TPDS derivatives of 9-a-D-arabinofuranosyladenine 
(186) and 6-N-acetyl-9-(2-0-acetyl-a-D-arabinofuranosyl]- 
adenine (191) are not consistent with the values obtained 
for the @utrans | =2e)mucheosides. elhiSeindicates that 


a different furanose conformation has been adopted in 


thescases or (1o0)eand (hole). 


The oo 5 ScNMP s*® show much less Varvarivon im 


coupling parameters than the 3° ,5'-O0-TPDS derivatives 
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as¥expected trom’ the trans=tusedsom tomomvseeceto 5 
membered ring systems. The anomeric proton coupling 
constants of the 3',5'-0-TPDS derivatives showed only 

a slight variation with temperature, but solvent 
polarity had=@a more pronolinced effects (see Taple* 5). 

We observed that the Jyilos coupling decreased for 

the oo = USNPUS=B-D-niboturanosi cess andminereased 
FOretne Oe, 0 s-O-1PDS-a-D-ribofuranosideywit hei hcreasing 
SOVenta polar t yom thas Wseconsis tentewitn a 
solvation-dependent conformational bias resulting 

from the steric demands of the bulky isopropyl groups 
on the TPDS fragment. It also emphasizes that the 
furanose ring 1S not geometrically locked as in the 
3',5'-cNMP molecules. The altered furanose conformation 


Guserved for "loo and (191) also Supports "this econciusTon:. 


The Jyi_on Values of the 27 -O-phenoxytmiocarbonyi-—3.,5 —O- 
TPDS derivatives in Table 3 show some variation in 
kehation to chetmr ice ehydroxy l precursors.) =I nUse's Genic 
and/or electronic demands can alter the conformation of 
the furanose moiety in these compounds. ini -Con tras t. 
darivattzatvon ot sthesc = Nydroxyl «group Of tire ws) 35 —— 
CNMP's had a negligible effect on Sy SeAee 

the chemical shitt data for a number on es 
\e=2 Vexamplles "of 3 55 =O0-7P DS nucleosides are compiled 
if tab be 2 With the respective coupling constants 


fisted in lable 4. "ihe anomeric coup) ing constants 


of the a ribonucleosides and Barabinonucleoside de- 
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Bivelivesware’veryasimi liars toethose toundsrn theso..5. = 

cNMP's,!!0 A rationalization for the observed dif- 

Pemences mine tUne two LYDesS Of Cis le=2- nlc leosideseads 

well as a discussion of the strained conformations 

of the a-ribonucleoside cyclic monophosphates has been 

presented by Robins and MacCoss. 1° 
Ai hougmethesswss 0-1 PDS derivatives navesa1e5S 


rigidly defined furanose conformation than the 


analogous 3!',5'-cNMP's, a clear difference between 


anomers iS observed. Ribofuranoside derivatives with 

oe teaey. SS ls> hZecan Sate hy eben ass iaqned. a 6 aeontlGuration 
Sanee else coupling Values of this small a magnitude are 
geometrically precluded. It appears that cis anomers 
have UT food 2 ew iz Whe eederivatives with san inter= 
mediate anomeric coupling value (Jy slo ee OZ eeSOU 
be subjected to other methods for a definitive identi- 
ficaulOn apy wneuease. on Dreparatvoneot these: oo - 
Q-TPDS derivatives makes this method very convenient 

as well as normally definitive for evaluation of the 
anomeric configuration of an unknown 8-ribofuranoside. 
Furthermore, the s3).55-0-1PDS group can be removed 
easily and efficiently with fluoride anion to regenerate 
the parent nucleoside. 


Vy NMR conclusions con- 


Invonrder tosverity sour 
cerning the furanose conformation adapted by the 3',5'- 
O-TPDS derivatives and to examine the trioxadisila ring 


fragment we subjected the cytidine compound (a2) ato 
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single crystal x-ray analysis. The computer generated 


structure is presented below. A Dreiding molecular 


model of this compound had indicated that 
the C-5'-0-5' bond might assume the trans-gauche (tg) 


de The 


Ormenua ion: as eTOuUnGdm=rOr tne onto —SONMP ase 
Aeteorand 4-5. coupling constants did Motvcontradict 
this assumption (see Table 3). However, a gg orienta- 
tion for C-5'-0-5' also was compatible with the data 

and, of course, no information was available as to the 
conformation of the 3 45.-0-T1PDS ring fragment. line x-ray 
analysis showed that the C-5'-0-5' bond was oriented gg 


for (141) im the solid state. The Sil-O-Sis bond 
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angle was expanded to 158° which allows formation of 
an unstrained 8-membered ring. This silicon-oxygen- 
Silicon bond expansion anidvaccommodation of the four 
bulky isopropyl groups on the silicon atoms apparently 
result nea highly preferred@contormation or the 
furanose in this trans-fused 8 to 5 membered ring 
System. ine almost perfect 35 envelope conformation 
observed for (141) has du_pteHeo! Of 290°C ase antici -— 
pated from the NMR data. Table 6 illustrates the 
approximate relationship between estimated bond angles 


] 


of adjacent hydrogen atoms in (141) and the observed H 


NMR spin-spin coupling values. 
LieisSwimMLeresting to note that the methyl groups 


of the isopropyl] substituents on silicon were non- 


equivalent by 13 NMR. The x-ray structure data re- 


vealed slightly different C-C bond lengths for the 


geminal methyls on each of the isopropyl methine carbons. 


Aedeteited analysis of the x-ray Structure of (141) 


will be published in collaboration with James and 
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TABLE 6 


Calculated and Observed Spin-Spin Coupling Values of 
Sem -O= (L133 53-Tetraisopropyldisilox—1,3-diyl)cyti— 
dine 


sala seen a) Seereeae a aheer red 
H-1'-H-2' ai) oe) 0 0 
H-2'-H-3' as 6 ea) 4.4 
H-3'-H-4' Pe) al: EOreO.9 hb 
H-4'-H-5" 44.4 4.50 oe I 
H-4'-H-5' Trae 0.41 Dine 2 
OH-2'-H-2' 30n4 5.84 4.4 
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ijelomsLonalwancles .caleulated sbased ponpas lt. USAwear— 
bon-hydrogen bond length and optimized sp? geometry 


forathe carbon, atoms involved. Angles were obtained 


through a least-squares calculation from X=ray data 
and are given in degrees. 
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EXPERIMENTAL 


A. General Procedures 


Melting points were determined on a Reichert micro- 
Stage apparatus and are uncorrected. Nuclear maqnetic 
resonance (nmr) spectra were recorded on a Bruker WH-200 or 
Bruker WH-400 spectrometers operating in the FT mode, with 
Me,Si as internal reference normally in Me5S0-de unless 
specified otherwise. Ultraviolet (uv) spectra were re- 
corded on a Cary 15 spectrophotometer and infrared (ir) 
speciramoneamNicol et. 7/199 Fix iR)eanstrumen te.) Opencal 
rotations were determined using a Perkin-Elmer Model 
14 polarimeter with all0 emed mil microcell." Mass 
Spectra (M.S.) were determined by the mass spectrometry 
laboratory of this department on an AEI MS-50 in- 
Strument with computer processing at 70 eV using a 
direct probe for sample introduction. Elemental 
analyses were determined by the Microanalytical Labor- 
atory of this department or by Schwarzkopf Micro- 
ahalvytical LabOratonry,. NooOdsides NoYes -EVvaporati ons 
were effected using Buchler rotating evaporators 
equipped with Dewar "dry-ice" condensers under water 
aspirator or mechanical oil pump vacuum at 40°C or 
cooler. Thin layer chromatography (TLC) was per- 
formed on E. Merck chromatographic sheets (silica gel 


o00 F layer thickness 0.2 mm, catalogue 5775) with 


254° 
sample observation under UV light (2537 A). Preparative 
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TLC was performed on glass plates coated with Merck 
Svimicargel (RF e254 20 "ihetsotventsaused for ILC were 

cit feremt teatiostotimethano l=chloroto rma, We50 2° 1220351: 10) 
dirad ethers UpPperiepnase cog EtOAc-nPr0H-H.0 (As ei2s) ania Ie lace 
gel column chromatography was performed using Mallin- 
ckrodt CC-7 (200 mesh) silica gel. Anion exchange chroma- 
tography was carried out on Dowex 1 =Xez eresin cin the 
hydroxide form. 

The carbon used for chromatography was Barnebey- 
Cheney AU-4 charcoal. It was conditioned by the 
following treatments. It first was washed with methanol 
anamihnenschlorotorme SAfteredrying itewas refluxed with 
1 N aqueous HCl (with the acid solutions being re- 
placed periodically) until the supernatant solution re- 
mained colourless, with water to neutrality, and then 
was refluxed with 10% aqueous NaOH (again with periodic 
replacement of the solution) until the supernatant 
remained colourless. The charcoal then was washed with 
water to neutrality, with methanol, and with chloroform. 
Finally it was air dried at room temperature. 

All solvents used were of reagent grade and were 
Gist ted prio recOmUSeCrem PURId 1Odts Ons Ofemos.te SO Vents 
and reagents was accomplished according to methods 
described in reference 144. Dimethylformamide (DMF) was 
purified according to the azeotropic distillation 


procedure described in reference 145. All dried solvents 
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were stored over Davison 4 A molecular sieves purchased 
PrLOMm=aCnemmbsonem Sclen tit hc Companys 

The reaction sequence developed for the 2'-deoxy- 
genation of nucleosides is a general four step procedure 
which is described in detail for adenosine. Subsequent 
experimenittal> desicriptions wild refer ito: Procedure: A: 
the silylation step; Procedure B: the thioacylation 
Sepa mocedure Col ithe: reductionestep. using n-BuzSnH; 
Procedure D: the desilylation step. The standard 
work-up procedure refers to the partitioning of a re- 
action residue between ethyl acetate and water followed 
by washing the organic phase with cold 1N HCl, H,0, saturated 
NaHC02/H,0 SO UL ON satUrared NaCl/H,0 solution, dry- 
ing (Na5S0,), filtering, and evaporating the solvent. 
This procedures1s detailed ins thesefirstereaction with 
adenosine. 

Aboyeviationssused arez:  TPDSCl = 1,18 3,3=Tetranso- 
DrOpyloleo-dlrenlorodusiloxanegeriG Chitortder=spneny! 
chlorothionocarbonate; DMAP = 4-N,N-Dimethylaminopyridine; 
and AIBN = Azobisisobutyronitrile. Skelly B represents 
the petroleum ether fraction which boils between 60-90°C. 
Unonadiustnl lationsthestraction boiling atv63-652G was 


recovered. 
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Bho Syntheses 


1,1,3,3-Tetraisopropyl-1,3-disiloxane (95a) 
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The procedure of Gilman and Clark was followed 


resulting ance 35-40% direct yield of (95a). based on 


Starting trichlorosilane. The by-product diisopropyl- 
Silanol obtained was converted to the disiloxane by 
slfeleleineamenah Tene P4506 and distillation of the supernatant. 


hits gavewa combined Wield of 990201 (95a) bp 104 °C] 


10 mm Hg; ae 2) WheOae “inaaegten 1 Saen = elie 
M.S. m/z 246 (100%, M*), 203 (64%, M*-ipr); (1it.!9? 


Diego C/O mint Gg) 


lea. o- le traisopropyl-=|l— 3-dicnlorodisi toxanes.(1P0SC1) “(95)) 


lo 50g (0220 “mol of (CSay\ wasnadded S00eni of 
CCly, and 20% of the solvent was removed by distillation 
at atmospheric pressure. The dried solution was cooled to 
=(JUeCuand Stipred Vigorous ly whi lesdry Cl. was in- 
troduced for 1 h. The reaction vessel was then sub- 
jected to asbirator vacuum at 20 nm Ho for => min to req 
move dissolved HCl formed in the reaction. Intro- 
duction oF Cl. then was continued for 1 h. The 
above procedure was repeated until the solution became 
yellow permanently. The CCly was evaporated in vacuo 
and the residue was distilled at 68-70°C/0.05 mm Hg to 


give 48 g (75%) of (95): ng” = 1.4550; M.S. m/z 271 


1:02 


(M*-iPr); (lit. 120°C/15 mm Hg). 
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3g-Cholesteryl phenylthionocarbonate (115) 


lower Stimred solution) of cacy GmelOnmmol) on 


cholesterol (109) in 60 ml of dichloromethane was added 


Smiley (37 mmol) of anhydrous pyridine and 2-0 mi (11 mmol) 
of phenyl chlorothionocarbonate (PTC chloride) (114).1 22 
After 2 h the solvents were evaporated in vacuo and 


the residue was subjected to the standard work-up pro- 


cedure. GryStalrlization from acetone gave 5,0 ¢g. (967) 


Of (hI5): mp 162-163.5°C: M.S. m/z 369.3493 (85%. M - 


OCSOd = 369.3521), 368.3436 (100%, M’-HOCSOd); Anal. 


Cased, ONC aH pn. St) Oa Onldeahs O2O4 Shor 7 COU tid. 
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Cholest-5-ene (112) 


Lome O46: -gu(2 emmo ly) som (lilo) Was Padded 30 mle or 
toluene, 800 ul (3 mmol) of n-BuzSnH and 65 ul (0.4 mmol) 
Of edt-=tert-putyiperoxide. Tne solution was refluxed under 
NiaeROgenaror Oo hy before 3 mlsot a) Mesolimoneor, a 
Bu, NF in tetrahydrofuran was added. After refluxing 
for 4 h the solvents were evaporated in vacuo and the 
residue was chromatographed on a column of alumina (20 q, 
SxS cm) USING Skelly Bb as tne eluant, evaporation 
GfevimesciUares and crystallization of one eres idues| rom 
ethane leqaves G20 Maeda jmot | lc )is Sanpeo 2294 Cee Mis 
mies7 oO! (100ee NO o7 aoe) M +i) Anal ecal cde ror 
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Co7Ha¢: CPS ee toe. PROUNIGS fC oN esis RH unlizeno 5: 
mp 90-9220) : 


9a,6a-epoxy-38-cholesteryl phenylthionocarbonate (121) 


SL 


Low2za0leege (S2mmol) of SOR Oe Da KVeGeecholesrero 


(120) dissolved in 30 ml of dichloromethane was added 
bl S019 mmol) of pyridine sand 1.0 mbe(505 mmol) of 
PRC sohlovide .@ll.4 Wee The sokutionuwas «stirred stored en 


before the solvent was removed in vacuo. After the 
Standard work-up procedure the residue was crystallized 
Fromeace tone stoegive 2.40 ga(92e eon Wa) mp aon 
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5a,6a-Epoxycholestane (122) 
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toluene was added 800 1 (3 mmol) of n-Bu3SnH and 
Soe letOe4 mmol) tof ai tert-buty lperoxide. Wie solution 
was refluxed under nitrogen for 3 h. The solvent was 
evaporated in vacuo and the residue was chromatographed 
Oneal column of al Umima (20) gms 3x85 cm) using Skelly 
Beasathesecludht. | EVaponation «of athe sappmoprelate Trac 
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To 267 mg (1 mmol) of dried adenosine (6) suspended 
in 10 mi-or anhydrows pyridine was added 320 wile() mmol) 
of (TPDSC1) (95) and the mixture was stirred at room 
temperature for 3 h. Pyridine was evaporated in vacuo 
and the residue was partitioned between ethyl acetate and 
water. The organic phase was washed with 2 X 20 ml of cold 
1} N HCl, H50, saturated NaHCO3/H,0 SOUUtHON. Savurated 
NaC1/H,0 solution, dried (Na,SO,), filtered, and evapo- 
rated. The resulting amorphous product was of sufficient 
pUrI Gy TOr direct use in subsequent reactions. For 
characterization, this material was chromatographed on 
a column Ofsstlaca (10° q. 2.x l0cem) using chiorororm 
and 2, metnanol/entorororm as eluants.. Evaporation oF 
ENeVADPEODrId Le tractnons and Crystabirzaci1on of tne 
residue from CH,CN gave 433 mg (85%) of (97): mp 98- 
Oo ee, UVa Om) NeWiComax 257 nme Ce fe 900) sh0e th 
NaOH) max 259 nm (© Woe 100) 5) MoS..0m/2Z 509 e244 85) (8 82. 
W Weng theeietls Sas = 509.2490), 466.1924 (1002, M’-iPr), 
Tede O57 Gl BHCNO) mmloon. 062) 97,0 B tery Anal ca Lode 
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propyldisilox-1,3-diyl)adenosine (125) 


SE Se ee ee eee 


To the vacuum-dried residue of crude (97) was added 
To >ml of anhydrous acetonitrile and 250 mg (2 mmol) of 4- 
N,N-dimethylaminopyridine (DMAP). A 200 yl (1.1 mmol) 
aliquot of PTC chloride (114) was added and the 
solution was stirred at room temperature for 16 h. 
Solvent was removed in vacuo and the residue was Sub- 
jected to the standard work-up procedure. The re- 
SULEING productewas- SUTTiici1entl yy, pure to be, Usede directly 
Lit iheaineduGtLOtestepes PUPITPealion,01. thisomateriatl 
Was achieved by chromatography on a column of Silica 
ClO. 29x Oem) Using chloroformeand ileo.. me thao 
enloroform as jeluants. Evaporation of the appropriate 
fractions gave 586 mg (90%) of (125) as an oi] with uv 
(EtOH) max 259 nm. 226 nm. min 245 nm; MoS] m/z 60251924 
(Gaelaue, M -iPriopHo,NoOesioS! =e O O29 2:) ) eed Occ Al al 2, 
M*-0CSO6), 491.2473 (7.1%, M™-HOCSO¢), 449.1984 (8.6%, 
M’-iPr-0CSO¢), 164.0576 (5.4%, BHCHO) 135.0545 (2.0%, 
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adenosine (127) 
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toluene and 32 mg (0.2 mmol) of azobisisobutyronitrile 
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(AIBN) and 400 yl (1.5 mmol) of n-Bu,SnH were added. The 
solution was deoxygenated with oxygen-free nitrogen for 
ZO0ymaneand then wneadted to 75°C for 3h. Solvent was 
evaporated in vacuo and the residue was chromatographed 
Ona cOlUmneOT Stlacaw10l G2 xe Oc: isang schlorororm 
dsacnereludntiey Evaporation of theeelmanteand crystal = 
lization of the residue from ethanol gave 370 mg (75%) 

Of (127): mp 113-114.5°C: uv (MeOH) max 259 nm (e 14,000); 


COMIN HCl Memaxe2ovenmeie 13,500 )e Me Seely Zee oSeco SC oo. 
M* = AO 32 54) 4e4 Oro Sic. GOO. M*-iPr), LOA OS 74 ACIae 
BG OPO. 2e0l/e Oma alien oo BHCH=CH,) 5 Andie Galedsa a Or 
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2'-Deoxyadenosine (10) 


Deprotechion of crude (12:7,) was effected by addition 
of 2 molar equivalents of n-Bu,NF Cas va WaMes oneut tonsa 
THE edi nect iy toy the abovel reduction (mixtures. seine 
Solution was wneated) for an additional nNovrvat 75 °C. 
Solvent was evaporated and the residue was partitioned 
between ether and water. The aqueous phase was applied 
to a column of Dowex 1 X 2 (OH ) resin. Elution of the 
product with water, evaporation anid. CYY Staal Zaseuon 
of the residue from ethanol/ether gave 195 mg (86%) of 


mp 191-192°C:; M.S. m/z 251.1073 (7.1%, M” 


(10) 
2 .0827 (100%, BHCH=CH.), 
[Cy gy 3Ng03] = 251.1082), 162.0827 ( >) 
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135.0660 (99%, B+H); (lit. !49 mp 187-189°C). This 
productewaswidentical*toenaturallysoccurring= 2. -deoxy— 
adenosine by the usual criteria. 

Treatment of 1.068 g (4 mmol) of adenosine (6) by 
EnNee@ioun stepesequence (6+ 97 71250327 e210 awit hout 
purification of intermediates gave 780 mg (3.1 mmol) of 
recnystalliuzed=2'-deoxyadenosine (10)"in 782 "overall 


yield. 


Sno) 0S (lel .e.c-hetrarsopropyiidisiloxolse-diva \uridine: 496.) 


The conditions of Procedure A were followed using 
972 mg (4 mmol) of dried uridine (9), 50 ml of anhydrous 
pyridine and Io3eml°(4mmol ) of TPDSCI (95)28 After 
the standard work-up procedure a small portion of the 
crude residue “was chromatographed on silica using chloro- 
form and 2% methanol/chloroform as eluants. Evaporation 
of the appropriate fractions yielded an oil with uv 
(MeOH maxeze2 enim (e"93600)5 (0.1 9N Hl) max 262 
(ero eo0O S(O 219N NaGi\emax 2e2 nm (2975000) 2 NS m/z 
Geoe2 262 (V2i, ea Merete ys = 418632268), 44321718 


(100%, M’-iPr). 
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pyldisilox-1,3-diyl)uridine (128) 


The conditions of Procedure B were applied to the 


residue of crude (96) using 60 ml of anhydrous aceto- 
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mi tevies | 4 C8 mmol) of DMAP, vand sO 001 l(4.4emnol) of 
PiGechtoride (114). After the standard work-up procedure 
a small sample of the crude residue was chromatographed 
on silica using chloroform and 2% methanol/chloroform 

as eluants. Evaporation of the eluate gave an oi! with 
Uv (MeOH) max 262, 232 nm, min 245 nm: M.S. m/z 469.2206 


(05% 5 M*-OCSOd[C5,H 0,Sia] SPU 2a), BONA ew Siarae 
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M*-OCSOd-iPr), 425.1554 (100%, M’-OCSO¢-iPr-H). 


2'-Deoxyuridine (38) 


The crude (128) was subjected to the reduction con- 
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(o-0>mmol) of n-BUlSnH, and 130) ma (0.8 mol) of AIBN: 


3 
After the reaction was complete, the deblocking step of 
Procedure D was performed directly. Solvents were 
evaporated and the residue was partitioned between ether 
and water. The aqueous phase was stirred with 10 g of 
Carbon, 10. 4a Glass column) (29x, 30 cm) was, added 3g 

Of scarbon and the Slurry or carbons containing the 
absorbed nucleoside was layered on top. The column was 
washed thoroughly with water before a stepwise gradient 
from 20% ethanol /H,0 bom4 07 ethanol/H,0 was applied. 
Evaporation Of then appropriate: Tractions anduchystalitza- 
tion of the residue from ethanol/ether gave 620 mg (68% 
Give waileet pO 9)))) eOumm Ge 6.) ene) O02 1.63.40), eah)e Se epin/eZ 
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SVU Ws lsoso letraisoprepyildisilox=l oad iyi 1 
guanosine (130) 


To 1.132 g (4 mmol) of dried guanosine (7) suspended 
in 60 ml of anhydrous DMF was added 4 ml of anhydrous 
Bymrdunewandesle.3 mle U4 mmol )of TPUSCI GS) hemi 
tUme Wasestirred for 5 h and ithen added: slowly to lot -or 


Vigorously stirred ice water. The resulting precipitate 
was collected by filtration and washed thoroughly with 
Water. Crystallization from 95% ethanol gave 1.47 g (702) 
Of *1SO)e: mo = =2c50°C (decomp. )s uy (MEOH) s max 256. nm 


emt Gr oi 0) au (Ccule aN sHiGte)) Manno O ont wen ilesd0.0) ream COrnl 
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NaOH) max 263 nm (c 11,400); M.S. m/z 525.2443 (24%, 

ot : = - a 

DW Mspiieal OS ail = Sas c2siaihe toate eto (oe ile 
483.1912 (41%, M’+1-iPr), 482.1876 (91%, M-iPr); Anal. 
Gaede TP ils = BUG hrs Mh aes: 
Bound: 9 C 29.90.94 7537, N 13.64. 
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propyldisilox-1,3-diyl)quanosine (131) 


The conditions of Procedure B were applied to 1.05 g 
(2 mmol) of (130) using 30 ml of anhydrous CH2CN, 
500 mg (4 mmol) of DMAP and 400 yl (2.2 mmol) of PTC 
chloride (114). After the standard work-up procedure 
the residue was applied to a column of silica (20 g, 


2% 20 cm) sing chloroform and’ 22 methanol/ chloroform 


as eluants. Evaporation of the appropriate fractions 
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and crystallization of ‘the residue frome952 «EtOH ‘gave 
ec oeg (Oooo f(s): mp 255-250 Cs uy s( BLOM) amex 
245 nm (en W85800)5) (0.1 N HED) max 252 nm ie.) 544 00). 
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2'-Deoxyguanosine (11) 


APMP 00 =G°( 1525 Siimoliiaesamp Vemrot eCis ls) weiss ubgiected to 
tie reduction conditions of Procedure C Using +30 emi cof 
tovuene, -o00 i We(2=25 mmol) of n-Bu3SnH amd oO sma: el 0.e3 
mmol) of AIBN. The deblocking step of Procedure D was 
performed directly on the reaction solution. Solvents 
were evaporated and the residue was partitioned between 
ether and water. The aqueous phase was applied to a 
e0lummeor Dowex Pex 29(0H* )iresin (10 mife2 2x5 com) 
and the resin was washed well with water. Elution was 
effected with 0.25 M tetraethylammonium bicarbonate (TEAB) 
butter (pH =99.0) 78 After tevapordtion of the eluate 
in vacuo the residue was taken up in 10 ml of water 
and reevaporated. This procedure was repeated four times 
to remove residual TEAB. Crystallization of the residue 
from wateregqave e450 ma (8572) "or s\ li) remnpecol=252°C; 


M.S. m/z 249.0864 (0.76%, M" EC, gly 3N504]-18 = 249.0853), 
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151.0498 (13%, BtH), 117.0553 (41%, sugar ion); (1it.!?? 
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4-Amino-7-[3,5-0-(1,1,3,3-tetraisopropyldisilox-1,3-diyl)- 


B-D-ribofuranosyl]pyrrolo[2,3-d]pyrimidine (1 2a NeS: Di = 


O-TPDStubercidin) 


The conditions of Procedure A were followed using 
266 mg (1 mmol) of dried tubercidin (54), 10 ml of anhydrous 
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The conditions of Procedure B were applied to the 
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250 mg (2 mmol) of DMAP and 200 ul (1.1 mmol) of PTC 
chloride (114). After the standard work-up procedure a 
small sample of the crude residue was chromatographed 
On silica using chloroform and 2% methanol/ chloroform 
asec lUantSe es EVaporation of the eluete Gave ane oi | 

with uv (MeOH) max 271 nm and 232 nm, min 245 nm; 

M.S. m/z 491.2460 (12%, M’-OCSOd [C,,H3gNq04Sin] = 

GO 2502 e490. 2415) (247. M*-HOCSOd), Higlee MGen A Sha, Whe 
M”-OCSOd-iPr), 447.1887 (6.7%, M’-HOCSO$-iPr), 163.0620 


G/Syozmen CHO) wedee 10593 (C407) Bat ie 


Zo =VeOxXy-3) 20> C= \le, 353-tetralsopropyldisiloOx—I.3- 


aqaivitube cevdin (lod) 


The crude (133) was reduced according to Procedure 


CausdngeZO0uml sos edistilied toluene. 932 mogul. 2 mmol) 

of AIBN, and 400 ul (1.5 mmol) of n-BuzSnH. An aliquot 
of the reaction solution was removed for characterization 
of (134). Solvent was evaporated in vacuo and the residue 
Was ChyYomatograpnhedsoOn SiilicasuSangEeChionofonrmeands Imo7 
methanol/chloroform as eluants. Evaporation of the 
appropriate fractions gave an oil with uv (MeOH) max 271 
iitmanGdac2a. ims eminec4 omnim: 200) Miz mn (CDCl, IMS )i6 
HG Samael Os pubic ce OMNIA Ca = 2 mite 28) osc Ome INeumds 
Ho mame  Cdeoreds Jarigu = 0 St Z eg) oe pees Siz ees 
Hasina | On Gdvon ade Ue So) eet aie = 2eo ait 
eo 3) ee om Lawn) m7 Sulciem lett ooee), oreo oe tbe rss, 


(ae NH,-4), 6540 (ar Ui bys = Cuba! he Tees Adal. Ach Aen 


08 


ge exabesdde queadvow by shame ee ABLt) abitot 
yard BO oldmoe ffeme 
| eh alae 

otis potey aotite wo 
vi -egveuie ge fy. 
ge 7 


b¥igeipolemordts “ow ie E 4 
mrptovold> (eantson St 
bro ai syne tule aia eating 

mn 8bS nim, wot SoS de fail ies xem (HOON) wuts 

: ote yoitce peed denote SPRY) MaPT 18) phe 2 an 

fT. B) OCI SKa., oeathn ML ROSY o(65.0e® ,( Seas, : 
ossn.8a7 . (or agegeeam (#81 Tat. Feb pmeeenn sy 
taal Ree) POROL AEE «(OHIME RED 4 

c Fag a htet Sy) orion angarae sea ff Page ds MEnynond *8 ) 
(#65) alisha be a4 


—S) es + eS we - _ 


eTuLASONS oy ov ibwooas bssybev. dow CRED) shyta efT? i\ 


( tub S 0). ga SE: Sholieey Bar iiseie te he 00S pntew' >: ; 

sonctlts nN Hnteuben i (fam Ba) fo GOR Bae NOTA tO. 
na?tostinazonveds We? Bovomay caw nelguiee aors2 3687 att Jo 
adbient and tg BEaS AP natennaale tou Peeve? bee 


'e.° oo¢ meotowelsa parse aah ie wo baigerpotnmerds 26m 
ade he (oot x yet aerie te: averteratdal\fe reds 


- 
i a 


PUSS ein (hea) wi Oe ia even eporrsevt ha - = 
b eM gta), un path TOS, ates can (SSG 
toga 9858. 0% ‘s 2 

ty ehh OeSPe ka 
Saale ud 


> ih 9? 
- al wy 


=r at, Sle Hin6)). FS S30 FRCS A Mls BiG (Me Seca eZ 


AO? 2488" (aes M* [Cc N,0 Sis] = 497 2067 Ws 244951923 


23444 
(ROC MEM euPreeolece20e()s576 BUCH= CHE Ta400941 (512, 


Bt+H). 


4-Amino-7-(2-deoxy-8-D-erythro-pentofuranosyl)pyrrolo- 


[2,3-d]pyrimidine (55) (2'-Deoxytubercidin) 


The balance of the above reaction solution was 
Subjected to deblocking Procedure D using 2 ml (2 mmol) 
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Treatment of 1.064 g (4 mmol) of tubercidin (54) by 


Purification of intermediates gave 680 mg (2.72 mmol) of re- 
crystallized 2'-deoxytubercidin (55) in 68% overall yield. 
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1,3-diyl)-g-D-ribofuranosyl]pyrrolo[2,3-d]pyrimidine (136) 


(aee'o- 0= IPDS toyocamy cin ) 
The conditions of Procedure A were applied to 582 
mg (2 mmol) of dried toyocamycin (135) using 30 ml of 
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2°-0-Phenoxythiocarbonyl-3',5'-0-(1,1,3,3-tetraisopropyl- 
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diisilox-1,3=di1yl)toyocamycin (137) 
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The conditions of Procedure B were applied to 800 mg 


(1.5 mmol) of (136) using 20 ml of anhydrous CH3CN, 


375 mg (3.0 mmol ).of DMAP and 300 wie (iso mmol) of P10 
chloride (114). After the standard work-up procedure 

a portion of the residue was chromatographed on a column 
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and crystallization of the residue from ethanol gave 
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AIBN. After the standard work-up procedure the residue 
was chromatographed on a column of silica (10 g, 2 x 10 
cm) using chloroform and 1.5% methanol/chloroform as 
eluants. Evaporation of the appropriate fractions 

and crystallization of the residue from CH2CN gave 
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Procedure D was applied to 517 mg (1 mmol) of (138) 
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dissolved in 20 ml of toluene US a Gaeceen eno n-Bu,NF solu- 
tion (1 M in THF) and stirring at 80°C for 2 h. Solvents 
were evaporated in vacuo and the residue was partitioned 
between ether and water. The aqueous phase was applied 
Lowa “Column of carbon: (2g. i x) 5ecm) andethe carbon was 
washed with 50 ml water and then 50 ml ethanol. Wash- 
ing was continued with chloroform and a 20% solution 
oj Denzene ine chloroform was required for elution of the 
product. Evaporation of the appropriate fractions and 
crystallization of the residue from ethanol/ether gave 
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4-Amino-5-carboxamido-7-(2-deoxy-8-D-erythro-pentofurano- 
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syl)pyrrolo[2,3-d]pyrimidine (141) (2'-Deoxysangivamycin) 
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A 550 mg (2 mmol) sample of (139) was applied to a 
column of Dowex 1 X 2 (OH ) resin (2 x 10 cm). The resin 
was washed with 200 ml of water and then with a mixture 
of methanol-water (1:9). The ratio of methanol in water 
was gradually increased to 2:3 which eluted the product. 
Evaporation of the eluate and crystallization of the 
besidue trom ethanol gave 551 mg (947) of (140) 5 mp 
272-275°C: eile = -22.3 (c 0.26 MeQH); uv (MeOH) max 
CHoeniwece 4800) and 23. nm i.e. 10200). amine-c.s seen 
(eo. 00D (OSL AN SC \emax 274 nm (2 12.500) sands cs Olen 
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1, H-2)3 M.S. m/z 293.1128 (5.9%, MLC, ,H,cNc0g] = 
293.1124), 204.0886 (12%, BHCH=CHy), 177.0649 (100%, 
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Cytidine (42) 


The conditions of Procedure A were applied to 972 
mg (4 mmol) of dried cytidine (8) using 50 ml of anhy- 
drousspyridine sand ls3 ml (4 mmol)mof= (PDSCim= (95 y= Atter 
the standard work-up procedure crystallization of the 
residue from chloroform gave 1.77 g (91%) of (142) 
mp ZOv= cola UV (MeOH =max 27 3enn te o4c00)) mine 250 
Via lonoyiCO) Ra OL len HE emaxece Onn (en ton OO) min 
2A Oana (eel. 400)5P(0.1eN Navh) max 271 mavterssec00)r 
min 250 nm (€ 6,100); M.S. m/z 485.2384 (12%, M'[CyyHg9- 
N,0,Sio] AG hee oO) 464 BoRes8 99 (Cos 6.o6 M41), 442.1833 
(96%, M’-iPr), 443.1853 (28%, M’+1-iPr), 140.0460 (10%, 
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diyl)cytidine (144) 


The conditions of Procedure A were applied to 5/70 
mg (2 mmol) of 4-N-acetylcytidine!*° (143) using 25 m1 


of anhydrous pyridine and 650 yl (2 mmol) of TPDSC] 


(95). After the standard work-up procedure crystalliza- 
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tion-of the residue’ from ethanol gavem975 mg (927) tof 
(144); mp 111-113°C; uv (MeOH) max 297 nm (ce 8,200) 
ano Zee nmiGens io, O00): S min 27 Orn i en 4992 00) Oe NOY) 
Max eo0o8 meee. 200 kan diego: ninmieml0 .cOC) eemainmecoce min 
. fe} ay 7. — 
Gener, 6.0 On eee NS ny/eze to. 7). core BLO) ore [C.H,,N305Si,] = 
Dee ONS St) ea Cars. 0 Ot ae x4. M’-iPr), IS Sra0 Ss 5 RG LOZe> BH) 
ce-U-Phenoxythiocerbonyl-3" ,5”=0-(1),l,3053-tetraisopropy|- 


Se ee ee a ee ee eee 


disilox-1,3-<diyljcytidine (746) 


——_—---- -_Q——————— 


To 970 mg (2 mmol) of (142) suspended in 100 m1 of 
anhydrous CH CN was added 1.5 g (12 mmol) of DMAP and 
SCO il "(Gero anime) on (PRC chloride alae the resulting 
solution was stirred for 1 h. before 2 ml of water was 
added and the solvent was evaporated in vacuo. After 
the standard work-up procedure the residue was chromato- 
Graphed eonmceco | Umma Om ost lca 20.0q jac ex eciOcm)ieusn nd 
chloroform and 2% methanol/chloroform as eluants. Evapo- 
ration of the appropriate fractions gave 700 mg (55%) 
Onl 4ertas an oil wWwitheyy (MeOH) max) 273 “and =2so eam: 
min 250 nm; M.S. m/z 425.1615 (27%, M'-iPr-0CS0d), 424.1723 
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(GPR? eB +H) x 


4-N-Acetyl1-2'-O0-phenoxythiocarbonyl-3' ,5'-0-(1,1,3,3- 


tetraisopropyldisilox-1,3-diyl)cytidine (147) 
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anhydrous CH,CN was added 1.5 g (12 mmol) of DMAP and 
800 ul (4.4 mmol) of PTC chloride (114). The re- 
sulting solution was stirred for I h before 1 ml. (10 mmol) 
of acetic anhydride was added. After 30 min solvents 
were evaporated and the residue was subjected to the 
Standard work-up procedure and then chromatographed on 
GecOlUMNEOt. Silica .]0 Gg, 2% V0ecm)) using chlorotorm 
and 1% chloroform/methanol as eluants. Evaporation of 
the appropriate fractions gave 645 mg (492%) of (147) 
aseane Oil with uve (MeOH) max 298. 234. nm. mins 270. nme 
oS ster Ui 7ec mskes: MCS M’-iPr-OCSOd), 466.1841. (10%. 


M’-iPr-HOCS0¢), 183.5327 (7.9%, BCHO+2H). 


4-N-Acetyl-2'-deoxy-3',5'-0-(1,1,3,3-tetraisopropyl- 


dvsilox-1,0-diyl)cytidine (148) 


The conditions of Procedure C were applied to 600 mg 
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were removed in vacuo and the residue was chromatographed 
Onmreecolumneot sudica WMO Guac x10 cmiato give 4000mg 
(87%) of (148) as an oil with uv(MeOH) max 298 nm; 200 
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Tors50 mg (G68 mmol jeot (148) dissolved an Semi of 
tetrahydrofuran (THF) was added 2 ml (2 mmol) of a 1M 
n-Bu,NF solution in THF and the solution was heated to 
reflux for 1 h. Solvents were removed in vacuo and the 
restaqve was treated with IN NavMe imemechanol for 
0.5 h at 40°C. The reaction mixture was concentrated 
In Vacuorand™ the residue was» parti tioned= between ether 
and water. The aqueous phase was applied to a column of 
Dowex 1 X 2 (OH ) resin. Elution of the product with 
Water, eVaporation and crystallization of the» residue 
from-ethanol gave 130 mg (857) of (12)" mp 200—20i—C. 
Wee Zece7 090. ers ay Te gH eN nd = 22:27. 0907" 
138.0668 (18%, BHCH=CH,), 111.0436 (100%, BH); (1it.!”” 
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Methyl 3,5-0-(1,1,3,3-tetraisopropyldisilox-1,3-diyl)- 


8-D-ribofuranoside (ly) 


The conditions of Procedure A were applied to 164 mg 


(1 mmol) of Methyl 8-D-ribofuranoside (149) using 
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YOoml of anhydrous pyridine and 320 wi (1 mmol) of 

TPDSC1 (95). The standard work-up procedure was followed 
(excluding the acid wash) and the crude residue was 
chromatographed on ammonia impregnated silica (10 a, 2 x 10 
cm). The column was run quickly (to reduce hydrolysis) 
using = skelty Band chloroform as eluants. Evaporation oF 
the appropriate fractions gave 325 mg (80%) of (150) 
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Methyl 2-0-phenoxythiocarbonyl-3,5-0-(1,1,3,3-tetraiso- 


propyldisilox-1,3-diyl)-8-D-ribofuranoside (151) 


The conditions of Procedure B were applied to 300 
mg (0.76 mmol) of (150) using 15 ml of anhydrous aceto- 
Hite 200 me (lho mmo ljeot MAP fand! 150: me OSs 0smme lt) 
Of PTCechliioride (l1l4). The standard work-up procedure 
Was tollowed (excluding the acid wash as in the previous 
reaction) and the residue was chromatographed on ammonia 
impregnated silacal( 100g, 2 x 10 cmjmusing Skelly sb 
and 1:1 Skelly B/chloroform as eluants. Evaporation of 
the appropriate fractions gave 300 mg (75%) of (Tsil)ieas 
an oil. M.S. M/Z 390.2275 (2.1%, M -OCSOS[C, ,H,,0,Si,] 
39002259) coos e08on( 9.2 a. M”-OCSOd-OMe), 316.1431 


(26%, M -OCSO0-OMe-iPr). 
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Methyl 3,5-di-0-p-toluyl-8-D-erythro-pentofuranoside (152) 
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To 270 mg (0.5 mmol) of (151) dissolved in 10 ml 
of toluene was added 200 ul (0.75 mmol) of n-Bu3SnH and 
15 mg (0.1 mmol) of AIBN. The reduction was carried 
out following Procedure C. The reaction was subjected 
to the deblocking step of Procedure D upon completion. 
The solvent was evaporated in vacuo and the residue was 
partitioned between ether/water. The aqueous phase was 
evaporated to dryness and co-evaporated several times 
Withopynidine before Tt was dissolved in 15 minor sanny- 
dwouss pyridine: A S-fold molar excess of p-toluyl chloride 
was added to the stirred solution at room temperature. 
After 3 h the solvent was evaporated in vacuo and the 
residue was partitioned between ether and water. The 
organic phase was washed with 2 x 10 ml of H50, satu- 
rated NaHC0./H,0, saturated NaC1/H50, dried (Na»S0q), 
filtered and evaporated. The residue was chromatographed 
Ciimamcoluinnwot Silica (CCs/. 5 G50 1.0.50 /acm musing 
Skelly B and 10% ether/Skelly B as eluants. Evaporation 
Ot the appropriate frections and crystallization of (the 
residue from ethanol gave 120 mg (60%) of (152): mp 
Oe. bike SoS se HO es 2 aitglns 9S 
78°C; [a]§ -8.1° (e 2.5, cHcl,)]. 

Treatment of 328 mg (2 mmol) of Methyl 8-D-ribo- 


furanoside (149) by the five step sequence (149+1503151+152) 


without isolation of intermediates gave 445 mg of (152) 
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in 58% overall yield. 


1,235,6-di-O-isopropylidene-3-0-phenoxythiocarbonyl-a-D- 
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glucofuranose (154) 


The conditions of Procedure B were applied to 260 
mg (1 mmol) of 1,235,6-di-O-isopropylideneglucose (153) 
Using iS ml of acetonitrile and 200 vu] (121%mmol)voreriTe 
chloride (114). After the standard work-up procedure 


ENecresidue was. purified@on a columneof Silica (10 a. 

2 x 10 cm) using chloroform as the eluant. Evaporation 
Or Cherappropriates tract Onseand crystalg 1 zations otmctie 
residue from aqueous methanol gave 340 mg (86%) of (154): 


mp 206-170°C: 100° MHzenmr (CDC) TMS) oo lasCol 504 x ars. 


Bae 
ees ye 4, LU Uh gecere HO thm Oe (oa Co ieee ee ao er oe. 
AD 2) (dyed AG Teme econ tc H~ 2) Set Ooi le H= 3) 600 
=o Ow HZ ee bye) oe (ine <5 po hemy- le Hest) 


WS me 89 be 25 102257; M*[C 058] = 396. 1230)8 


19"24 

381.1010 (23%, M-CH3), DAZ 2491 (0%) tne OUSO aT Ss. 0816 
~ 

(277i Ne OC SOs=CHACOEH. )a@AnalenCaled i ror’ Cain, Orcs 


Cee 5Gra ths 6e0eeS. 6. 00emDrouncem. Cr 5727 1eelece00pes C205: 


3-Deoxy-1,23;5,6-di-0-isopropylidene-a-D-ribo-hexofuranose (155) 


eZ 


a a 


The reducing conditions of Procedure C were applied 
to 792 mg (2 mmol) of (154) dissolved in 30 ml of toluene 


using 800 ul (3 mmol) of n-Bu,SnH and 64 mg (0.4 mmol) 


of AIBN. Solvents were removed in vacuo and the residue 


“ie = 47- 7 
; a . a) ! mt 
ou : - - a ) a ig : 


its _ oo : 
-fi- v= )ymadranoti tyne oe) £9 
ee 


; . a 

O23 62 Lettegs stew 8 on ult mite 198 
WB. 2e8.1 ‘043 oat 1 Bot 
74 4¢ (tomm 1.1) ta OOS Winn iver ye | re, 3 aii 
euiorbdae quetyeW byvetnare ag rod Aga) abi otha 
oo OU) oeeres Fe nlnitee Ged eves vu cam gub tes ve 
notfexoqess bhava ght es wisronatity atew (ng Of xs 
cay ¥o ROLDs efi fase OM awetds uv? ouney te a 
i‘) ty (See) et Cae wie long sonw petaups cont sub 
* A) GEE. 1 6 OCGNT EDO) Yan 3 OOF int 
(Eni! 5-8 ,.3 sp OELe seen e-0 5 a) ote tot 


(gee) yaosulouasbel sergautege 


00 i | bat ot ted ar € wit} ‘8 of ee &. ‘ * sath t bbs ws 
ea ened’ i? Lia £1, % Ai eW at nh Be * i 
(ORs We bh yeltg yal ‘net <b) 8A ek a 

ee Se | 1ST Pv (gh ae a mM. 18 
1 Ocal 0) oxic we <Paeh Ayia 4020-7 H 
iO .8 2189.6 MR 4 % fa Sian 2 anew a, 


- 


(o3i) seated pow en" rire 


lh = ca 

aahiane sraW 2 9 
avatar, * bo Oe te E 
i ~ os A: 


tee iliac 


vs. 


was purified on a column of silica (10 g, 2 x 10 cm) 
using Skelly B as: the’ eluant. Concentration of the 


appropriate’ tractions gave 425 mar (87%) of Gl55) as an 


O11; 700° MH2 nmr (CDC1,, TMS) 6-14 (4k s, 12, CH,). 


Le Seine eH oe ce 20 (Cd of dso 32 0hz. 


ozo 
Jo_3 SSO Zelns Hoyts) SeG.O) (Mier le eH = Obed) Omninemess, 


iC clatter -dakech a) | A wel !leced Pavone (i aneaery SPO Ome ee hi= 2.) 


eee ee 
See (deed) te Oring Ta Hal \oeM Seemyieees ay ts 
M"-CH3), 186 (1.2%, M"-CHCOCH.); Anal. Calcd. for 
Sapling Onc ce 59008 He Ov Zoe e Found metre 59% 20nemhe Oho om 


freatment of S20 mg (2 mnol) of (53)" by the two 


Scepe sequence without isolation of lo4jeqave 415 


moore) 55)) Gnec5? overall yield. 


9-[3,5-0-(1,1,3,3-Tetraisopropyldisilox-1,3-diyl)-8-D- 


ribofuranosyl]purin-6-one (166) (3',5'-0-TPDSinosine) 


The conditions of Procedure A were applied to 134 
ne (OrSmmoljs of dried inosine \160)° Using 10° ml oF 


anhydrous pyridine and 160 a1) (0.5 mmol) of TPUSCI (95). 
After the standard work-up procedure the residue was 
chromatographed on a column of silica (5 g, 1 x 10 cm) 
using chloroform and 5% methanol/chloroform as eluants. 
Evaporation of the appropriate fractions and crystalliza- 
tion of the residue from 1:1 acetonitrile/ethanol gave 
Poem (Cbs j-of (Looe mp. 219222055) Coty MeOH eana. 


PAO nm (6 12.100)3 (0.1 N HCl) max 251° nm (Comm Ol O10) 


V3 


tas OF x Se OF) 8 

ait Qo mp een 
ne 48 beceages 
it <2? eu Ay oT 


| a ey a ugh Ez cy 
oF aay OF.% 2 \e-it al 


+ ‘ 7 
Soy ait 


q 


i , aN Fe oP uae $f 


a m4 - 
ersy aes ayer 2sie Ri 
sae. Woted “pln id 


A548 98, 88S eal peor 
vg shoul (eet) oop 8 aa 
ath even (Ea Se it Yor oet Ayaaniw 
piety Maree tee welt 


rest Teheve a6 abs eA A arte tet 


ae eae 


- in ae i ea 
ve 


» | ot heb gee Grew * aepaor? Ta rac lt thaes ait” 

oe guntau (2901 ‘ovteprt paird to (fon aco | 

(tg) (32087 +6 bPneeea OF Fie O1/ ‘gavin adtwieey ev0 eel 

caw obiegy oy ‘sag ennaTs qu-ssow bxubdete oe 

or Ot & fp SP ag) Ha th caele. 6 10 ahaa aor 

syandis. a8 aetarerd Sepamhiteos #2 bes a 

oli Matewn. we dio (Lae, apaborporeqy t att Yo nobts _ 4 

evan rower? ove boygenoemam, 12 homo subPeer att ene! 
ee (WOe4) ww ta ESTES ym +( aay) 76< - Oe 

DOS DI os) ae ras stein pean at —_ HOMES pam @ 
ial 7 


. - 


(O=1  NSNaOh)emaxs 253: nmot{el 18 s0000ke M.S A my 215 1012491 
(4.0%, M'[CooHagNg0pSin] = 510.2328), 467.1774 (100%, 
+. 

MEr=ciP rey 1 o6n 0G 59 (3 0°%.8 BAH \ieitAnatlanecalc die thor 


C OS 


a2t3eNa 6212: COE SAP HE 7e25 Wee INT HON ohe eaeounice 1G 
Spee Have 5s, NS 1004. 


7-hinimo=3—[.3,5-0-( 1 ,3,3-tetrarsoprepyldisiiox-leo-d1y 1 )= 


P-D=1bottranosy! |pyrazolol4.s-d|pyrimidine (176) (0). 5.— 


O-TPDSformycin) 
The conditions of Procedure A were followed using 
Z6/ene \lenmmol)ofedried) formyein: (1/5). 15emleof anhydrous 


py ridanemand 320-1 I (lemnol) sory TPDSCIN (95), SAfter the 
Standard work-up procedure the crude residue was chro- 
matographed on sitica using chloroform and 2% methanol / 
chloroform as eluants. Evaporation of the appropriate 
fractrons and®* crystallization of the residue> from CHACON 
gave 428 mg of (176): mp 149-151°C; uv (MeOH) max 

294 nm (e 10,300), (sh) 304enm (e 6,900), (sh) 287 nm 
(2595400)55 (02 laNSHOI) max 295°nms (er 109700) “and.2s2 nm 
(emcyo00 )/eaminacoornme eman400)sands222enme(em2,900)5 
(0.1 N NaOH) max 304 nm (e€ 7,500) and 234 nm (e 16,400), 
ine Ona cues wT OO Mmandmeoes nin (emt 0,500) Mies f sm/iz 
509.2479 (142,.M ite 39N50 es 5092480 es KORZ S26 
CiO% M'+1), 466.1936 (100%, M pee h eae Mi gies. (yao aba s 
BHCH,CHO) 16470561 8(65 7. eBHCHOD : 


Hes. in £0 
MOOT) SHOT AGP 

nat totes. - 
7. shew? .8a0P 


~{ IVbb-€, abil | 
“on (SEL) earn twits 


Se oe eee oe” 


price. bowel Tor stew A sdbyanoln fp canine 
rworheden ta te Eh ae (EER) Siaeipahd ampeaghac shania 
4) saeth (20) 13204 He Chena b) 1a, O86 bee 
-avit> 20m supizey abireeate edna reaeedioe ts 
\ipantsan las pe urvoterd fis poland agtite ino Sade 
swomrapraas Sta Ta norseiggded einauls aE. 
Hod west Juwbaed ede FO) hiotnanthtatawna bee enotian 
(ou (Oa) ve Ql” ranger qm (al) Te aie CO 
on TES (itd) y( TER apm 008 fed ,h0NG 0 2) am O88 
nn S68 bow VOCE a) anes jw 00 1.9) 5(008 8 = 
;(Q08.S «) th SES MROEE Dh on BOS ate «(COC 
ahi a 4 


_ 
= 


an 
+ 
an 


1000. 8F a) ane des a Tees S «) an OG eam (HOeh 
\) 8M {4008207 ab me RNS one (HOES a} an a8 


ones ore, RRO beak eet gg tl rei) O08 
far) SStn, O0E pte ie, aot) OLED, aod 94 14M 


* yhouaa , 24} idii« tnd ‘0 Ho 


ies. 


: 


Procedure A was applied to the following nucleosides 
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(0.1 mml) of TPDSC1 (95). The standard work-up procedure 


was followed and the residues were chromatographed on 
Silica plates’ (5° x 20 cm) Using 5. methanol, chloroform 
ase }ulanmt- The silica which contained the product was 
scraped off the plate and eluted with 7% methanol/ 
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2-Deutero-2'-deoxyadenosines (157a, 157b) 


a) The reduction of a 65 mg (0.1 mmol) sample of 


Ci25)ewas Carried out as described for (i27 \esubsti-— 


tuting n-Bu SnD for n-BuzSnH. The product obtained 


showed the identical chromatographic mobility of (127). 


The deblocking procedure described for (10) was applied 


directly to the reduction solution and the analogous 
work-up was continued to give 22.5 mg (90%) of (15/7a, 
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163.0835 (67%, BHCH=CHD), 135.0662 (100%, B+tH). 


b) The four step sequence outlined in a) for the 2'- 
deoxygenation of adenosine was applied to 53 mg (0.2 mmol) 
of 9-8-D-arabinofuranosyladenine (159) without purifica- 
tion of the intermediates. A 34 mg (68%) yield of the 


2'-deoxy-2'-deutero-adenosines (157a, 157b) was obtained 


as van oul. 


c) A 53 mg (0.1 mmol) sample of 9-(2-chloro-2-deoxy- 
3,5-0-TPDS-8-D-arabinofuranosyl )adenine (164) was sub- 
jected. to the peductiopecond| trons Of Procedure: Gousing 
10 ml of toluene, 40 u1 (0.15 mmol) of n-Bu3SnD, and 
bemg of AIBN. Deblocking via Procedure D Was performed 
directly on tne reaction solutvon using 250 11 Of n= 


Bu, NF (as aol Mesolutioneim [HE a. Asccim@g (867) yield ot 


(157a, 157b) was obtained as an oil. -The spectral data 


for the mixture of (l57a. 1525) obtained via Db) oy ¢c) 
corresponded exactly to those of the mixture of (157a, 


157b) from procedure a) above. 
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Methyl 35-0-(1,1.3,3-tetraisopropyldisilox-1.,3-diyl )- 
a-D-ribofuranoside (193) 


ihewproceduye outlined for the synthesis oF (150) 
Was applied = ton3s3°mq (022 mmol) of methy| a-D-riboturanoside 
(192). An 81% (64 mg) yield of (193) was obtained as 

; +, 7 
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4-N-Acetyl-1-[2-0-acetyl-3,5-0-(1,1,3,3-tetraisopropy] )- 
disilox-1,3-diyl)-8-D-ribofuranosyl ]cytosine (145) 

Tomoye) «COs le mmol) sock Honea eet Viole ene OPUS ep 
ribofuranosyl)cytosine (144) and 36 mg (0.3 mmol) of DMAP 
dissolved in 5 ml of anhydrous CHACN Wasmadded. 70) ja (0 a2 
mmol) of acetic anhydride. After a 3 h period the reaction 
SOLUCTON WaSecomeentraleds inaVaclO.s 1nemrestiavc was sSUD. 
jected to the standard work-up procedure and chromatographed 
Ofmea COlUMNmMOTeST I iGa"(5 Gg, loo) x 6icm) USings teemethanol. in 
chloroform as the eluant. Evaporation of: the appropriate 
fractions gave 49 mg (86%) of (145) as an oil with uv 
(MeQHiemaxecoy, mim. 400 Mize tints 1505 (moe 2ene i Prete sje 
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